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PREFACE. 


Ir is with some little trepidation that this bi 
fore the public, in view of the frequent impo 
zen radical, changes that up to the present h 
rized the development of electrical engine 
jhas, however, been thought that the science 
reached a stage which renders necessary som 
that will be of assistance to the active work 
various branches. 
‘This book is not an encyclopedia, nor is it 
for a text-book, but it is hoped that as a compe! 
useful data it may assist the practicing « 
engineer. : 

The matter included is representative of 
practice, and no effort has been made to inc 
other, except in special cases. No excuse is o} 
the very considerable amount of matter tal 
trade publications of the larger electrical manu 
as in this country the engineers retained by su 
we specialists— often the best in their 
branches ; and it is an accident of condition on] 

me cases has compelled the use of more of 

tions of one company than of another, ba 
available published material. 

Manufacturers have been most kind in supp 
‘special data and descriptions asked for ; and th 
thanks are in particular due to a large ceive 
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ciates for suggestions, revisions, critical proof-reading, 
and the various other details involved in a compilation 
of this kind, of whom the following deserve especial 
mention for valuable aid rendered: Messrs. F. E. Idell, 
W. D. Weaver, T. C. Martin, Prof. Samuel Sheldon, 
E. B. Raymond, John 8. Griggs, Jr., William Wallace 
Christie, J. J. Crain, Grahame H. Powell, Prof. Francis 
B. Crocker, A. N. Mansfield, E. M. Hewlett, C. F. Scott, 
H. S, Putnam, Charles Henry Davis, Townsend Wolcott, 
Walter S. Moody, Herbert Laws Webb, Charles Thom, 
William Maver, Jr, Joseph Appleton, Prof. Alex. 6 
McAdie, Thorburn Reid, Max Osterberg, Max Loewen- 
thal, J. G. White & Co. The especial thanks of the 
author are due to the indefatigable co-operation of Mr. 
Charles E. Speirs, of the D. Van Nostrand Co., who 
has rendered most valuable assistance in properly geb 
ting the matter into shape for publication. 

In closing, the author begs that readers will not hes- 
tate to point out errors found in the text or tables, # 
many will doubtless crop out in the close examination 
by numerous readers. 

HORATIO A. FOSTER. 
650 Buxurr Buitpixe, 


PHILADELPHIA, 
1901. 
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2 SYMBOLS, UNITS, INSTRUMENTS. 


N,n, Number of anythin Revolutions per minute 











ar Gircumferenes Esndlepower 
pet Tnoandescent lamp, 
2 N=6.2831 x frequency, in | 
‘iternating currents 7" x Are lamp. 

~ Frequency, perjodictty, ey: | 

g galvatometer : bor Sp Condenser. 

Weg. Henn pobctamagay: TBS Hatterp at on 
‘South pole of a magnet. we Dynamo or motor, d.c. 
pen PR dynamo oF motor, ac 

Iternating ut. ‘ 
Direct curfent. AS — Converter, 
Potential difference, 

. Centimeter, Gramme,Socond Uwe Siatic transformer. 
yen 
8, Brown & Sharpe wire gauge, “rere Inductive resistance. 


G.,Birmingham Wire gauge.” www Non-induotive resistance, 


CHAPTER UI. 
ELECTRICAL ENGINEERING UNITS. 
Index Notation, 
Flectrical unite and values oftentimes require the uso of large number 
of many figures both ag whole numbers and in decimals. “In order to avold 


this tom great extent the index method of notation is in univ 
connection with all electrical computation eiecesee 











‘In indleatinga largesumber, for Sxample, say, a million, instead of wit 
‘ng 1,000,000, ff would by the Index method 'bo" written et 
‘WOuld bo written 3 x 10 ames 


‘A decimal is written with a minus sign before the exponent, = 
10-*; and 00048 is written 48 x 10-*, pain mee 
‘The velocity of light ts 30,000,000,000 ems. per sec... and is written 3 x 10% 
In mnultiplying numbers exprossed in this notation the significant igure 
‘are multiplied, and to thelr product {s annexed 10, with an index equal f0 
ihe sum of the'indices of the fwo numbers, 
‘In dividing, the signiftcant figures are divided, 
to the dugertice of the two ini 


Fandom 


‘The physteal qualities, such as force, velocity, momentum, etc, are ex. 
pressed In term of fength: mane, fime, and fot electricity the syetem of 
Yerme in unlversal ure fe that known as the ©. G8. system, 
viet ‘The unit of length ts the Centimeter. 
‘The unit of mass ts the Gramme- 
‘The unlt of time isthe Seromd. 
Expressed in more familiar units, the Centimeter is equal to 2957 inch in 
length the Gromme te equal to 48498 praine. and reprecents the macy ot 
ruanfify of nonble contimeter of water at 4° C, or 39.2 Fah. the Second Is 
 reccuay bart of msiderea! day. or the rela» prt of a mean solar day. 
"Tiese unids are also often called adeotute wif. 


Derived Geometric Units, 


‘The unit of area or surface is the square centimeter, 
‘The unit of volume is the cubic centimeter. 


Derived Mechanical Units. 

Velocity Is the rate of change af position, and ig uniform velocity when 
equal distances are passed over in equal spaces of time; unit velocity te'& 
sala of change of one conimctor per second. : 





1.10, with an index equal 
ices of the numbers le annexed to. the dit 


al Units, 


















ELECTRICAL ENGINEERING UNITS. 


ry egies cna pve 
Scan ee “Uatgenaeeanguean te 
Seicean caie 

Sek SSE oc moana an oq tm 


ieeetocity, 

“acceleration is the rate at which velocity changes; the unit is - 
sation of one centimeter per second per ascond. The acceleratle 
tary i the ineremont ia velosity Lnparted t0 falling bodies bs 
lw cgay taken an $22 feet par second, of bl centimeters pe 
‘is value differs somewhat at differont localities. At the North 
Sia the equator g--97é1; and at Greenwich Ie ls 961.1. 
ie ets t0 change s body's condition of Fest or motion,” Tes th 
nls to produces alter, or destroy motion, aud Je essured by th 
‘Tuomedturn produced: 

Tho anlt of Torco is that force which, acting for one second on : 
we fam, gives, the ranean velocity of one center per see 
ait Wealled ayme, The force of gravity or weight of mues n.d: 
‘found by imultipiying the mass fn grarines by the value of g si 
tinier plate where 2ue force a exerted. ‘The pull of gravity of © 
‘inthe United States may be taken 3,000 dynes. 

Work Is te product of a force into the distauce through whe 
The anit ig the erg, and equals the work done in pushing & mass t 

cchelmoter aguinat 8 force of ong dynes An the 

‘x 981, oF Of dyner, the work done in ralsing & 

‘belght of one contimeter against the force o: 
tradi dynes, equnis 1 >< 581981 ergs. 

(Oa Ellogramime- meter = 100000 x 981 ergs. 

Tinetic energy is the work a body is able to do by reason of its me 

Paentiat energy Se the work & body is ablo £0.40 by rearon Of Sia 

The unlt of energy is the erg. 

Proer is the rate of working, and the unit is the sratt = 10" erg 
Eire-power is the unit of power in common use and, although as 
titty unit, it ie dificulé to compel people to change from ft to & 
equals 33,000 Ibs. raised one foot right in one minute, ur 650 foc 
ersoond 

feiss 1,256 x 107 ergs, 

I vatt=10" ergs per second. 

Horsepower £800 x 1.300% 10" erga=T140 watts. If a current 


vers fw throng TE ohrn ser & preare of # volte, then 






























B 
‘Japrepresents the horse-power involved. 


The French “force de cheval” =798 watt 
SOW P., and 1 HP. = 1.01389 + force de cheval 
Heat. ‘The Joule WJ= 10" ergs, aud is the work done, or heat gene 
‘matt second, or ampere flowing for second throngh « resistance o 
It H—heat generated in grainme calories, 

T=current in amperes, 

E=emE. in volte, 
jance In hms, and 





54248 ft. Iba. pe 


















time in seconds, 
hea HEOMIERESON EI, gramme calories or therms. 
Then ret = Rt ™ = RQ= Joules. 
‘141 Norse-power = 660 foot-pounds of work per second, 
Soules = $44 £Q= 7373 £0 ft. Tbs. 





Heat Units, 


Tee British Thermal Cait is the amount of heat requited to 
“rature,of one pound of water from 6)” F, to loe= 1 pou 


wi Bs1.9 Preneh unite. 
is the amount of heat required 





‘ether, or French calorie, 


4 SYMBOLS, UNITS, INSTRUMENTS, 


iemporatre of mut o | gramme of water rom 6 195° 
segeeeann 
ert dO a ts masimum donty. 
Joules equivalent, J, is the amount of energy equal to a heat unit. 
Bars GHG poullgroe  BNL TE waa oe re toe 
eae 
‘in pound degree — Conigrade, [10 10ers 
For a cal J=4.189 x 107 orgs. re 
Tie oscar ime 
aE TL phere JA: <0, 
tnd 1,2, and B are exprsed fa practiea! wie 


Electrical Units. 


There are two sete of electrical units derived from the fundamental 
©. G, 8. units; viz., the electrostatic and the elect etic. ‘The fret is 
daged on the force exerted between two quantities of electricity, and the se0- 
‘ond upon the foree exerted between a current and a magnetic pole. ‘The 
ratio of the electrostatic to the electromagnetic units has been carefully de- 
termined by a number of authorities, and is found to be some multiple ar 
sub-multiple of a quantity represented by v, whose value is approximately 
3 x 101 contimeters per secend. Convenient rules for changing from one 0 
‘the other wet of units will be stated Inter on in this chapter. 





gramme 














Electrostatic Units. 
soft Zot there have beon'no names assigned to these. Their valuos are as 


The unié of quantity is that quantity of electricity which repels with » 
force of one dyne a sitallar and equal quantity of electricity placed at walt 
distance (one centimeter) in air. 

Unie of current is that which conveys a unit of quantity along a condue- 
tor in uirit time (one second). 

‘Tnit difference of potential or unit electromotive force exists between two 

nts wien one er Of work is roqlred to pane 8 wie quantity of electrieky 

comm oue point to fhe other. 

Unit of'resistance is posscssed by that conductor through which unit eur- 
ont will pase under unit electro-motive force at ite ends. 

Unit of capacity is that which, when charged by unit potential, will hold 
one unit of slectrlclty ; or that capacity when, when charged with one tit 
of electricity a a unit diference of potenti i. Bae is 

Specific inductive capacity of a substance is tho ratio between the capactt 
of & condenser having that substance as a dielectric to the capacity ot te 
fame condensor using dey ait at OC. and a pressure of 76 contimoters at 

1 dielectric. 











Magnetic Units. 


Unit Strength of Pole (eymbol m) is that which repels another similar and 
equal pote with Unte fords (ono dyne) when place at unit distance (one 
centimeter) trom It 

Magnetic Moment (symbol ) is the product of the strength of either 
pole {nto the distance between the two poles, 

‘Intensity of Magnetization is the magnetic moment of a magnet divided 
by is relma. (eymbol 

‘Intensity of Magnetic Field (symbol J) Is measured by the force it exerts 
upon aunie magnetic pole, and therefore the unit ia that Intensity of Bed 
‘which acts on n unit pote with a unit force (one dyne). 

Magnetic Induction (symbol () is the magnetic flux or the number of 
magnetic lines per unit area of cross-section of magnetized material, the 
area boing at every point perpendicular to the direction of ux. “It ls équal 
to the magnetizing force or eld intonsity J¢-multpliogby the ‘permeability 
xi the unit ts the gaus 

‘Magnetic Flue (aymbol @) 1s equal to the average feld intensity multiplied 
by the area, Ita unit is the mazwell. id 

‘atagnetising Force (symbol JC) pet unit of length of & solenold equals 












SYMBOLS, UNITS, INSTRUMENTS. 
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SYMBOLS, UNITS, INSTRUMENTS. 
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INTERNATIONAL ELECTRICAL UNITS. 9 


ls 10" absolute unite, and 748 watts equals  horse-power. Yn elec: 
ag and power the unit kilowatt, or 1000 watts, 1s considerably used 
Xe tse of large numbers. 
‘i (opimbol ph is the specific reslatance of a substance, and is tho 
in ohms of a centimeter cube of the material to a flow of our- 
zen opposite faces. 
ince rymbol G) is that property of a metal or substance by which 
san electric current, and equals the reciprocal of its 5 
Proposed for conductance ie the Mio, but ft has not 
Fuge as yet. 
ivtty (symbol ») is the specific conductance of a material, and is 
tho reciprocal of its reeistivity. It is often expreseed in compari- 
he conductivity of some standard metal such as silver o copper, 
1 stated a5 a, 6. 
Ace (symbol 2), or cosflictent of self-Induction, of a cireult is that 
‘by wich the time rate of change of the cutrent, in the clreult 
nultiplied in order to give the E.M.F. of self-induction in the 
The practical anit is the henry, which equals 10° absolute unite, 
in a clreult when a current vatting 1 ampere per second produces 
ectro-motive force in that circult. As the henry is eo large aa to 
‘met with in practice, 1 thousandth of it, or the milli-henry, is the 
In use, 
‘ll be found a few rules for reducing values stated In electrostatic 
nite in the electro-magnetic system, To reduce 
alectrostatie potential to volte, 
Eapacity to micro-far 
aniity to coulomb, divide by ; 
Eurrent'to amperes, divide by 3 x 10%; 
resiatance to ohms, multiply by 9 x 10H, 


NTERNATIONAL ELECTRICAL UNITS, 
international Congress of Electricians, held at Chicago, August 21, 
following resolutions met with unanimous approval, and being 
for publication by the Trexsury Department of the United States 
snt, Dec, 27, 1893, and iegalized by act of Congress and approved 

1804, dre now Tecognized as the International 
for their respective purposes 


uit the several governments represented by the delegates 
Congress of Blectricians be, and they are hereby, 
































jy adopt as Tegal units of electrical measure the 
unit of resistance, the International ohm, whieh is based upon the 
To 10" unitsof resistance of the CC.8. system of 













Of mercury: at at 


Th thas, of constant eross-se area, and of the length 106. 





unit of current, the International ampere, which is one-tenth of the 

Frent of the C.G.S, erste ragnetic units, and whieh Is 

ciently’ well for r ying 
feral a aadtian in water, 11 





10 SYMBOLS, UNITS, INSTRUMENTS. 


ot a conductor charged to potential of ono international volt by one inter 
ational coulomb of electrietty. 

6._As the unit of work, the joule, which is 107 unite of work in the C.G8, 
aystom, and whlch ia ropreschited suflelenty well for practical uso by the 
heray'expended in" one socond by an intetaational amupere in an inter 
national ohm. 

7. “Af the wilt of power, the weatt, which is equal to 107 units of power in the 
€.G.8. systom, and’ which fs repréeented sufhctently well for practical use 
Diy tke Work done nt the rate of gue joule per sgcond, 

'. Ac'the unit of induction, the henry, which Ia the induction in the clr 
cuit when the E.MLF. induced in this citcuit is one international volt, whlle 
the inducing current varies at the rate of one international ampere pet 


second 
Specification A. 


In employing the allver voltameter to measur currents of about one 
ampere, the following arrangements shall bo adopted : 

le kathode on which thesilver is to be deposited shall take the form of 
f platinum bow! not Teas than 10 ems, in diameter, and from 4 to 6 cms n 
The anode shall be a disk or plate of pure silver some 90 aq. ems. in ares, 
aud or 3 ome. In thickness, 

"This shall be aupported horizontally in the liquid near the top of the 
solution by a alver tod riveted through ita center. 

"To prevent the disintegrated silver which is formed on the anode from 
falling upon the kathode, the anode suall be wrapped around with pure 
Alter per sogurad at the buck by aultable folding. 

‘The liquid shall consist of a neutral solution of pure silver nitrate, oom 
taining about 15 parte by weight of the nitrate to 85 parte of water. 

"The Fosistance of the Yoltameter changes somewhat as the Current passes. 
To prevent these changes having too great an effect on the current, some 
Fovistanee, besides that Of the yoltamoter, should be luserted in the elreult. 
‘The total metallic resistance of the elreult should not be loss than 10 ohms. 

‘Method of making @ Weusurement,— The platinum bowl ist 
be washed consecutively with nitrle acid, distilled water, aud absolute 
Aloohol; it is then to be dried at 100° ., aud left to cool ins desiooator. 
‘Whom cold itis to be weighed carefully. 

11 o be nenny fied with the solution, and connected to the rant of the 
iealt by being placed ona clean copper support to which a bindingeerew 
a atta 

Tho anode is then to be immersed in the solution ¢0 as to be well covered 
it, and supported in that position ; the connections to f 
circuitiare then to be made, Oe Be reek of he 

Gintact is to be made at the key, noting the time. The current is to be 
allowed to pass for not less than half an hour, and the time o! 

Contact obeervad eat besaking, 
he wolution is now to be removed from the bowl, andl the depnalt 
wfasieuigeimontheremarel fom ho be ol th dpe wad 
Tiused suecessively with distilled water and absolute alentiol. and sled in & 
hot-air bath at a temperature of about 160°C. After eonling inn desiccator 
IWie'to be wolghed aghin. ‘he gain in mans gives th nlver teponiteds 
basin’ the fme aFerage of the current i amperes. this man expres 
in grammes, must be div number of seconds during’ white 
turront has paetod and by Otis, eine whieh, 
in determining the constant of an instrament by this method the current 
should be kept is nearly uniform aa possible, and the readings of the iuire: 
‘mont observed a Frequent Intervals of tivie. ‘Thexe olvervationa give & 
uurve from which the reading corresponding to the iean current’ (in 
Average of the curren} can be founds on Seercat (ve 
nthe, current Is calculated fom the voltamoter results, corresponding to 

‘Tho current used in this experiment mast be obtained from a battery and 
not from a dynamo, especially when the instrument to be callbrated le at 
lectrodynamometer. 


Specification B.—The Volt. 


‘The cell has for ita postive clectrode, mercury, and for its negative el 
trite, auialgamatod tine; the electrolyte conslata of a saturated solution of 
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BATTERIES. 


cihowo ln thelr difernt forms are od as &soures of current not only fr 
ting, but for many other purposes where smaller currenta, 
supplied by aynamoe are required, 
jatteries are of two kins, primary, in which tha E.M-F. ts generated by 
cheitfenls in the coll Itself’ and secondary, oF storage, in whtch the elec 
trical energy from soine outside source 1s cliemleally stored tn the battery, 
Which becomes an independent souree of current when the charging sours 
In removed, Secondary batteries will be treated in & separate cbupeer, 
The types of primary battery most commonly in use in_-Amerien. are the 
gruvity cell, used mostly for telegraph and closed-clreult work ; the Lelanct 
fell, ted for ordinary open-circuit work, as for door bells, elephone bela 
sul other signe the Puller cll age for telephone and for telegraph pu 
ieeloride of aitvercely aed Inrgoy for toting prone, bx Re 
0 enable a large number of iudividual celfs to be grouped in 
1 box convenient for carrying abuut; and the 2dieon-Lalande eell, usefal 
iniplace requiring atom batiary currents 
‘Another form of battery that has come extensively into use since about 
1880 in the dry batery. ‘This dues not have the usual liquid solutions, buss 
partly flied with a substatice that will hold the moisture for a considerable 
Tite’ hore are, bierfare no lige € spi; and they make very bendy 
pources of current for house bells, wlephones, ete., where the users do 
fare toe bothered wit creeping elta or auy ot ths other troubles Inereat 
in the common forme of liguid cells. 


























‘The Gravity Cell. 
‘The clements are copper and zine; the solution is sulphate of copper, or 
“ Lluestoue,” dissolved in water, ‘Tie usual form (ceo Rig. 2) is a glass an, 
Bbout8 inches high and 6 inches diameter. 
copper is made of two or more layers fastened in 
the iniddie, spread out, and set on edge Im the 
bottom of the cell, the terininal being & plece of 
ratta-poreha insulated copper wire extending & 
Enron te eoltion: : : 
ezine east with fingers spread out, 
ani) ook foraunpénding from the Cop he at 
2a shown, the terninal belng on top of the hook, 
‘This form of rine is eommonty ealied  orowfoot" 
and the battery often goes by that name. Some 
jed from at 














Himes star-shaped zines are 
pod acrors the top of the jar. he blvestous” 
Erystale are piaced in the Bottom of the jar aboct 
the coppers the jar then betyg filled with water to 
just above the “ crowfoot™ or zinc, A table 
Spoontal of sulphurie neld is added. "A saturaled 
sslution of copper sulphate forms arqand the oo 
pers and, after use, a zinc sulphat® golution 
formed found the Zine, and fonts upem the oF 
sulphate solution. ‘The line of 





separation ‘between the two-eolutions 
Hed the blue fine, Ag the two solutions are Kept separate because of 
their different specific gravities, the name gravity cell” ts employed. 
'Phiy colt doot not pofarize, ahd the HALT te practically constant oF ux 
form at about volt on a closed cireult, If the elreuft ie not closed, and te 
cell does not have work enough to prevent mixing of the two solutions, the 
copper sulphate coming in contact with the zine will become decom 
{the oxygen forming oxide of zine, and the copper depositing on the zine hat 
ing an ppearanee fike black mud. 
‘Gare of the Gravity Cell, — For ordinary “ looal work” about three 
mands of * bluestone” per cell is usually found best. When this is gon 
lis etter tg etean out the coll and supply new solution, than to try't9 re 
‘ienish. "* Bluestone” erystals should not be smaller. than @ pes nor a 
ge Aa an egg. In good condition the solution at the bottom should bes 
Dright Dlue, changing to watcr-color above. A brownish color in auy part 
denotes deterioration. 
fo prevent evaporation ef the solation Ise well to pour a lavas of god 
sineral off over the top When the cell first wet up, ‘This te 
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tino pate fe In the form af a cone, and Is placed in tho bottom of a parodt 
Sup nity glans fs hho carton pinto in otaide the povoun Say 
teh money ar pine in the porone ea wh the 
for amalgamation, nnd the eup je tiled with w dilute mtution of sulphur 
‘Tho outside Jar te Diled With the eleeteopoln, Ln Chin the GarbOm 


plato fe timmoread. 
be | 






The EANLE \e2 volts, and tho internal resists 
‘The solution iearipinaily of an orange color. When t 
Hunt, add moro erratal, Bhould Whe volor be normal 
dit fresh sulpburie wed, 


Batyon-Lulunde Cell. 
‘The olomante of thia coll Gee Fig. 5) are 2ino, and copper omide In aw 


solution of cause poten, Who platee ure suetonded aio by ald from the || 


foverot the ure The copper cxtan, which te piited with a Gait 
Slits Sopra roduce the resistagoe Whsn the veil ls est ataceede ee 






out halt 
‘hacomnes bt 
4 the colt 














oo ail 
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ames ‘in efi ht tn eget 

‘atte parts plastor,t part ah, a ‘aed 2 
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Ava & Carhart Clark Standard 4nd, 


ce 

yamabn 6 ‘over 
serrations éatoutng over several months sbowalin 
B.Aeot vot. 





oaltivbor ary srotuunoetsl bogceser in sorta fchatinaatint 
‘Sl 'Gf gue soll brsounsoted to the negative tormigal of the mesial 


yours 
















1443 vours| 








viged to produce the ¥.M.¥, wanted 
od Posteo af eeanch hata a 
ries as (x Big. 9 would ylve an KM 


tf He volts. 
Helge: — IE Ib be desires to obtain mor mt 
ere Mont ey OPIN then moe ells aah Me Dikeedt 
ae etrn that In paral wit he ht row aba fey rae 
Droducing We wuts XM, and Joluod together We the wily 








+ or the current is the 





E 
If Ria very small ae compared with nr then f= 
‘sume as that from one cell on short circuit. 

‘iar in telegeaph work, wr is very sinall ax compared with 2, then 
152 or the current increases in proportion to the uumber of cells, 
Tis ralue of ys nearly inversely proportional to the area of the plates 
qhestronting each other in the Tigh and disveus as thelr distances tpart, 
Thererore, 1f the area Of the plate fs invereaed tales, for Gs cell 








Lat N= the total number of cells in the battory, 
‘ha = hunnber of cells in each series, 
‘ig = number af sets OF keries in parallel, 
Thou the internal resistance of the whole battery 
me 
” 


Tw And the best arrangement of a given niunber of calls (V) to obtain « 
tusimum current (J) working through un external resistance (f), make 


“— por the internal resistance of the whole battery equal to J. 


” 
Twany eceuit = WEL EALE:, and for any arrangement 
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mE. mye 
iar + mek 
tk 














‘When arranged for maximum current through a given external resistance 2, 


we VE many= VE 


‘To find the greatest, current that can be obtained from a given number of 
cells (V}) through a given external resistance (2), 








‘To find the number of cells in series (rs) and in parallel (ng) required to 

give a current (1) through an external Seeistance (2) sid 1o’hav® ano 
Ereney (F). 

Eficieney F 

DR z 

BP GZ +2) 
iatance of the whole battery ie 
nor _ RUF) 












™ F 
MER 
and int 
waif 
“= EF 
“= EGF)" 
GALVANOMETER! 





‘These are instruments for measuring the magnitude or direction of electric 
currents. ‘The term galvanometer can also bo propetly applied to the maly 
typor of indicating iastrumente,quch aa voltmeters and amunetors, wheres 
needio of potnter fy under the hiduence of somo directive force, such aa ibe 
garue eld, a spring, a welght, a permanent magnet, or other" moana, and 
is etlectod trom zero by the passing of an electric current is 


‘Nearly all galvanometers can be separated into two classes. ‘The frst is 
tue mottngnieedie clase. A maguetited nocdlo of steel ie suspended with 
ite axiw horizontal go as to move freely in a horizontal plane, ‘The eusper- 
son is by means of a pivot or fiber of silk, of quartz, of of other material. 
‘The needie normally points in a north and south direction under the influence 
of the earth's magnetic fleld, or in the direction of some other field due! 
auxilinry inagnets. Near to the needle, and frequently surrounding itt 
placed a coil of wire whose axis ie at right angles to the normal direction ot 
the needle, When a current is passed through the coil the needle tends to 
turn into a new position, which lies between the direction of the original 
field and the axis of the coil. 

“The second class is the moring coil or d’Arsonval class. A small coil is 
suspended by mexns of a fine wire between the poles of a magnet, Ita axis 
in normally at right angles with the lines of the field. ‘Current ie led Into 
the coll by meang of the euspeusion wire, and leaves the coll by a flexible 
wire attached underneath it. 

‘The sigure of merit of a galvanometer is (a) the current strength required 
to eauist’ detection of eke tenie divisions or (it w the rosie tt 
must be introduced into the cirenit that one volt may eause a deflection of 
one scale division, ‘This expression for the delicacy of a galvanometer is 
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r 


ve Htan 











For convenience the term 4e., the strength of the field 


the center of the coll by the unit of eurrent, ia oalled the constant of 
alvanometer, ands represented by @, whence 









_#, 
t=Ftane 


‘The current in amperes equals 10 7. 

(b.) Thomson Galoanometera, ‘The moat seusitive galvanometers 
ofa typedue to Lord Kelvin. Fig. 12shows one form of this instrament, 
moving system consists of a slender quarts rod, to the center of 
fastened 4 small glass mirror. Parallel to the plane of the mirror, asd: 

‘one gnd of the quarts tabs, 





‘connection in series or in parall 
Current is sent through them i. 
the proper direction, 
ineach case deflections the samt 


a suspension. ‘adjustable 


‘creases: tly, and the ot 
renege a 
ek ge sce by nenee 
See 
tleneeot the observer. 
See 
— Aeorons: of the ners. an. ob 
Saar eed 
SUSUR "teh Aron 


= instrument. fhe moving mirror 
Fic, 12 — Thomson Releeting Aatatio reflects an imageof the sealein 

‘Gaivanomoter with Four Colla” the objective of the teleseo 
jontiniou work with the tee? 





scope is apt to injure the eyes, and is certal 
Tanlmeter work is belag done by the 
Amall electric, gag, or olf lamp ta a0 





ly tiresome. Where much 

ne person, a ray of light from © 
i rected as to'bo reflected from the 
mirror on the needie upon a divided scale. Suel & Yay and weale is shown, 
4a Pig. 14. In ordor to bring the neodle quickly to Tess When UAE Vee 








ee 
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fluence of @ current, some method of damping must be 

otiod into attach #'nflen rane vo the moving soe ite 

in an inelosed chamber which contains air oF 

Ragdle is inclosed in e hollow made in a Back of eonpers, he eddy 
Induced by the moving needle react upon it and stop its swinging. 


loving-Coll Galvanemeters. 
‘These galvanometers are to be in all casee except where 
utmuet of delicacy ts regaled. in the anoet senaitive forms, 
Inngnotio fold, they ean be made to dedleet ove millimeter with # soale 
{ees of one sitar when ane mlorovol i prened between the 
isis oufclons for m purposes. ‘The 
‘sing an elestroagnetle Bold. The 


be furtier increased by 








form of galvanometer has the following good points: its axe wt 

Miahtly difoctea by Mhetpreseiceof mage actetances ta tee rieiaieye eat 

Erg precticliyindapendentot hecarit’s fold toeingument can betas 

trade Gead beat dod. many forme ara not mone afeoted by eben 
‘eae 





form of D'Arsonval gaivanometer of Bi 
coll (shown at the right) is inclosed In 

are induced in this tube when th 
‘with a proper thickness of tube, 


igh te 
‘oll'ewingis They cause damping, sd, 
yyatem may be made aperiodic. 
Ballistic Galvanometers. 
Galranomoters ze also used for measuring ox compertg quantttion of 








giegiricity auch aa fow in cireuita when comsenser W = 
otic dux’ Hukages aro disturbed.” The time ot eciliaton ot tn we 


F mngu resistance, .urougu cuem now currents wmen are uirectly 
onal to the impressed voltages. A pointer, connected to the mov 
yent, moves over # scale which is empirically graduated to cor- 
‘with the impressed voltages. ‘The resistances of commercial 
gra in olims run from 10 to. 150 times the full scale readings in 
Situs @_160-volt voltmeter nay have a resistance of from 1500 to 
ima, ‘The directive forces to bring the needle back to zero are 
y obtaine:l trom springs, gravity, or magnets. Moving-coil inatru- 
‘an be made 50 as to have high resistances and perfect damping. 
needle mstruments are in common use for alternating current cir- 
The needle ig of soft fron, and is given an alternating polarity by the 
flowing because of the impressed voltages, which are being meas- 
lot-wire voltmeters form a distinct class of instruments. ‘The ex- 
tof a wire asa result of the passageof different currents of electricity 
up by.& spring. A polnter cotuected with the spring nioves over 
Fiesily divided scale. These Instruments have a lower resistance 
‘than the other types. ‘They are quite dead beat. ‘They record 
Meruating or direct currents, 








Ammetérs. 


ale of a voltmeter might bo graduated and marked so ns to indicate 
feuts passing through It instead of the volte impressed upon its 
x. Ie would then be an ammeter. To be of value 

stall," Many ainmeters consist of millivoltmeters cor 
Wwot shunts through whieh the currents to be meas 
Spare graduated ap as to ndiento th carrots pas 
‘The 









ed are passed. 
ny through the 
junt type of instrument is particularly applicable to switeh- 





Northrup's Oxcillating Current Galvanometer. 
From catalogue of James G. Biddle. 


orking of this instrument depends upon the principle that when a 
Uink fe suspended in a coil, the plane of the disk muking with the 
‘the coll an angle of about 45° the disk will tend to rotate, when 
ing currente are sent through the coll, eo as to increase this angle, 
strument Ja constructed to be exceedingly sensitive, to have mint 
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Selesticns cee peesctionn! peat thocurrentmnd tot: 
‘tag ag the aqua roots 


eicielte 
whore foobls lly v1 na ; rs ditceradee haa 
Si cicctat ee tare tke eee ams 


gelding ie eat mt i ee 


duction of the fustrunccnt ts vory minute, it cat be 
‘rite any strait tn which rapidly celine surrenta ar 


seprecia thelr troquenoy. ‘the tnrtrumonty 
Re pnrtocmsnge dt many Hertelan eaperiiveni, 


Gulyanometer Shumt Boson 










14s ten deipable fo use m galvangmator of Ligh menalbility for 
demanding atmueh lower sensi Soo cer At may “atventent a a 
ter 


seustoll wail would 
hale sot 
ane ae At is Re 





6 Ss tise ul ‘sas 
Neasibilt ina known 
7 ere fone 
Fis, 16. Mindat aniversall Pages ie 





vernal 
fin 
seein eatarel iene tee pause 


lie diverted ie oay 4 xt- tn Rg, 10 
C= the resitance ef the galeanoineter, 
= the ensue of ho my 


‘the Jolt resisyanee of the two is 


1.= the totul current owing in the eiroult, and 
i = ie vast: Hawiig, ‘shrough the yalvauumetar, 
i = =a + 1 = the Multiplying power ot the shunt 

‘The Tealtando of a thant witoh will give m coviain: niwltiplying power, ele 


equal to Pig. 17 slows @ fora 


fo stint wood ‘with, a gavanomater, 
hough te Ie pertocty Eeusibie 40 a 
Srditiury noakianee tox tor the pe 
Momors, Ayrton & Mather have 
Ainow sunt wich ean be toh wiih ny 
Galvanomnetertrreapeatine of te resis 
Bn following et dgram ofS. 
A amd B are Certminals for Ube: coer’ 
roatar sonncetions, Band Care the 
gol torminals for Battery 
on eran pion gh 
Rot Me Ho aro ath 
Uuouah G,put-x ule tn oni 
Hin cbunte, pluoo spite in 
thera ued ugh baisge 
Tele not nacemary taki the 
of eliber Gor h, The shunt box oan 
Heretore te testi an} teammate. 

FRemporsty vit = 
Sricer provided tos Go. moe taive plage 1% 
Goring ono aot of The ropist wt ea 
tray be nuy number Of obirs, Fut In afer bot to decteane Mie 
‘foo much f should Do Wt least ne Large asd. ‘The resiatanien ee 

itn te fey purine ntti to the Variohn beaks mee 


points in the ell vorrorponiling with, fy 
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Another arm is left « 


open for the unknown resistance, x, which is to be 
measured. ‘The rein: 


ining two arms exch havo, three’ rerirtanice colle of 

70, 100, andl 1000 ohms Fespoo- 
iiely! Bway ayn are 
plied with" the B.0. brig 
tne. for’ closing the bat 
tery cireuit, and, the other 
for closing the gal 








Keys are arranged with the 
battery key on top of the 

vanonieter key, #0 that but 
‘one finger and’ one pressure 


re necenuars 
‘Prof. Anthony has devised 
a reslatance box in whieh 


here are ten one olim col 
Fic, 2. Standard Resistance Coils with {Here arg cen cue dam coll, 


Wireatsione Bridge Post Otice Patter). hunni ny ainbe e 
any group can be connected either le. The means of 
accomplishing thig are secn elearly in 


Standard Low Mevlstances. 
Roristances of the ordinary form, 

which are-smnaller than yy ohm, are 
Tory diftcult to measure with grest ao 
wtraey. owing to the uncertainty of the 
magnitude of the resistance of the leads 
and contact devices. Fortunately itis 
Seldom that such a form ot resistancels 
tee “Instead the Fenistance between 
wo ‘potential’ points on. proper 

shaped conductor is used. Such sean 

ard resistances of sabeer tdocs than Ot 
ohms are now on the market are 
known asthe Relelianstalt form. Thoy 
gre mao to carry very hoary curren 

Fig. 2 shows wuch a resistance supplied 
with heavy’ contact terminals and: & 
cooling enil, "When this resistance is 
earrying a current, the drop between 
{he two. small terminals’ i® euch. ae 
would result from. passing’ the same Fre. 21, 

rent through geteg ohm. 


CONDENSERS. 
If one terminal of a source of E.M.F. be connected to a conductor, 
and the other terminalbe 
cineca ase oe 
ductor adjacent to the 
fee ut tated at 
teen Betoun at 
tholeno condi 
ii onpaatty fr a 
teflg eBags ae 
teiaity. that is Seiee he 

Salegour hea 
nied with water bee 

Seatecn be 

charge wh vemsne 
tho condeorm fee 
removal of the source of 
Wie.22- Standard esintanee Cote with Wheat EPH ght ase 
stone Bridge (Anthony Fort:), under 8 given E.M.F. & 
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Fis, 36, 


liga es 





Fi0. 27, Modilled Muscart Eloctrometer, 


poten 
“of quadrants, the 
11 be detleoted from 
che usual mitror, 
a tamp are used, 
cinstramenty as to 
of the electing: 
voter, A form 
Fig. 27. 


rostatic Volt- 
moter. 





fication of theelec- Fra, 28, Kelvin’s Electrostatic Voltmeter. 
ised for indicat 
‘and in some cases low, alternating current potentials is the el 
Voltmeter of Lord Kelvin, “it is constructed on the principio 
igh potential instrament, Fig. 2, the need 
ential instrument, Fig. 28, the nee 
mm plate sanpended vertically fitilelieate Knife 
Ettom the upper part toa wel. 
olde of the. needle, ant pa 
ten metatliealty connected aint so 
‘nreanureds wile the neeile serscx 
“ay shectrieal potential sifterenre between th 
us detfost the neediest ofits 
ting: ow the ‘botto 


Talticellular voltmeter, see Pig. 20, the needle consists of a amber 
slates, suspended horizontally and between corresponding, qued- 





is made of 4 thin 
Iges, with a pointer 

















are placed two 
jernlinal of the 





opposite 
needle sant the 
_ Calibrated weights 
igo the value of the xeale 











te | 
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Fat ates hoe anal 
ie re eg Ws tte 
Lower paitomtin) dil thst 
the form described” above It 
apabio of. 


TW WOneEen, 
f) xt coro ite arch aee 
Patio of owe 

fe Sheresalves in pte 
fee ot 


their 


















Koy current ‘and autor 
a 
Tontlar urventa. Oust ge 


Kelviu's Hlectrostaie. Volt 
minster. 


{bUy five coll, and at right angles 
tMieroko, iatse oot 
of iy "wound 
Helical sprig Joins the movable coll 
46.4 torsion werow above the dial. A 
paibcet on this Torsion sarew shows 
Trani wren of ans 
ony) tie twinledl 
of the movable coll = 

ey epe Lo Make cot | 
Hootiun with the fixed coll. If eur 
uk Mowe thiougla de te culls 


hen with 

the axed coll, nud tiles teearrange 

Jivelf tp thewning plane ae the latter, 41. 90, Slemon’e Eleotro- 
Dynamouieler 


[ according tu law above. 


a etreult in watts, vy connecting the xed coll in 
‘under test, ahd. the “movable ooll ‘acroes the termin 
In ‘thie casé, if the voltage current be f,, and the series current 
movable coil’ be ia, then the power equals Xt, where X isaconstant 
instrument. ‘The two currents are supposed Wo be in phase with each 
Tf the movable coil be not brought back to zero, butt porter con 
with it be permitted to move overa graduated seaie, the seale ean be 
sted directy in watts 
ton's ‘Well-known wattmeter is constructed substantially on this 
le. 
der that a wattmeter (electro-dynamometer) may be reliable for 
Ting alternate-current power, it is needful that the fne-wire circuit, 
{ato be connected et shunt to the apparatus wider measurement, 
Have ae ittle selt'indction ay possible in yroportion to ita reir: 
"The latter may be increased by adding Auxiliary non-inductive 
noes. The inetrument must iteelf be 80 constructed that there shall 
‘currents set up by either circuit in the franies, supports, oF 
‘the indicatious will be false. 












‘Melvin's Composite Electric Balance. 

instrament is employed much as a.standard for comparison of instru- 
sed inall practical work for both continuous and alternating eurrents. 
be Used as a voltmeter, ampere-meter, or wattmeter, ‘The principle 
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‘Two coils cand d, of similar wire are made in rings thas are secured to the 
end of Unlance foam 2, which ie suspended at fs canter by two fat ige 
sents of fine copper wire. 

Wien for ute with Continuous eurrenta two other coll, g and. A, made of 
trip copper, and of erows-section houvy enough to carry large current, aay 
Sun Rnipeten’ are secured to the base thats at the left tn the same relative 
pouition as are the culls eau b atthe right. When the instrament is to be 
Ted iu te moaaurement of alternating currents, the ooile g and A are made 
of tio or threg turns of a stranted copper eonductor, each wire of whiclt ig 
Mneulaten ; and, toas faras possible simul the effects of induction, testrand 
spownie turn ort fy each ara around th cil "8 
fhe collec and d of the balance are suspended equidistant between 
tiga left pals of colle with planes paral! to War planes, and cones 

‘with their centers, 

‘fo Set he Balance. Level the instrament with the adjustable legs, turn 
thestop ncrews back out of contact with the cross trunnions and frome pine 
of the beam, leuving it free, 

To Use ui Voltmeter ov Centiampere Meter.—Connect the instrument to 
the eireuit ur source of K-31. 0, through aon-liduetive resistance f, as shown 






































Fic. 32, Diagram of the Kelvin Composite Balance. 


in the proceding diagram, the resistance terminal to T and the other ter- 
minal to 7,; throw the xwitch H to the right to the" volt” contact 

One of the weights mn), nig, 0 10,, ix then used on the scale beat 
ia balance obtained. ‘Th current Howing in the instrument ix th 
Tated bya comparison of the seale-reading with the certifieate accor 
the instrument, The volts E.M F. at the terminals are calculated 
current Howing and the resixtance in eireuit, including the non-t 
r by Olumn's law, r= 22. 
To Use ag Hekto-ampere Meter, — Tarn the awiteh Hf to * watts,” insert 
the thick wire coils in eireuit with the current in such a way that the right- 
hand end of the beam rises. Use the “sledge” alone or the weight marked 


Terminals F and F! are then introduced into the elrcutt, and a measured 
current passed through the suspended coils 7 and h; and the constante given 
in the eértifeate for the balance used in this way are calculated on the as: 
sumption that this current fs 25 ampere. “Any other current may be us6d, 
say J anspere, then the constant becomes I> 25 oF 4 I. 






































36 SYMBOLS, UNITS, INSTRUMENTS. 


‘Table of Doubled Square Roets for Lerd Melvin's Stand 
‘ard Electric Balances, 
































} & | 300 | 200] 209 | 400 | 600 | eo | 700 | 800 | 900 | 

| 48.99 | 2.92 | sar [0.00 0 
49°03 | 52486 | 56.00 | 600s 1 
49.07 59.99 | 66.68 | ov.o7 |» 
49111 | 55.03 | oo.07 | op.10 | 3 
4015 spor | wart | vas) 
4019 | 69.10 | c6.%5 | wat | 6 
4923 |53.14 | s678/m20| 6 
49.27 | 53:18 | 66.82 | e923] 7 
49.32 | 53.29 | pe.s5 | enz7| s 
49°36 | 53.95 | Boa | o020] 9 
An.ao | 63.29 | 66.82 | en.s3 | 10 
49.4 | 93.33 | 50.96 | eo.sz | 11 
49.48 | 63°37 | 66:89 | en.40 | 12 
49.52 | 63.40 | 67.03 | op.45| 13 
4n.56 | 44 | 67.06 | ends | 14 
410.60 | 63.48 | 87.10 | 69.50 | 15 
‘49.04 | 0.52 | 07.13 | ens | 16 
40's8 | 5355 | 67-17 | ans 
49.72 | 53.58 | 67:20 | op.60 
v.76 | nics | 7-28 | ences. 
40.80 | 3.67 | 87.27 | 60.68 

i 








wie 





















































geass | erees | seuss | aeeee | eeess | geese | eee 


rer AT 
iret amt 
Has0 BAB 
1a AIS 
i | ise Bae 
Foy 4.26 
a 54.30 
as B38 
a” 397 
» aL 
at 50.64 | BAMA 
& 88 | DLAs 
8 B07 | 54:52 
a O75 | 455 
1 50:79 | 64-89 
ry 50.83 54.08 {68.17 | 61.51 
eo 5o'st | 54.00 | 68:21 | @1.55 
+ 5a.9t | $4.70 | 6898 | e158 
wo) rhino | daze | 50.95 | 64.74 | 68.98 | eL:61 
wel ate Si.o2 | 57.42 | 42.43 | 46.90 | 50.90) BATT WRAL LL 





Es. 
=] Suase| zens | seeg | BEE 





ama: 





a8 


Be 














BS | Bes! 








3 | RS8SE | eae! 


EE | Efe 


Som 


ab | SSbsh 





geege| sages | sesee 
Ras 








O45, 

2.48 | 76 
6251 | 77 
02.55 | 78 
23x | 70 
62.61 | 
62.68 | 81 
60.67 | w2 
2.71 | 8 
wena | Bt 
62.77 | 86 
2.80 | 86 
S387 
6250 28. 
0) so 
eu | 0) 








BEPEE| EE 


Sees 
Everts 





Besse | stees| gapse| araee| suaae 




















4855, 


ueeer | shtee 


Sect 














480 | 52: 


Enns 











MEASUREMENTS. 
RESISTANCE MEASUREMENTS. 


‘Ohm's Law is the foundation of all electrical testing, and ie written in 
the following forms :— 





where the current strength in amperes, 
the resistance in olims, 
and the electromotive fores in volte. 





‘The Resistance of Multiple Ctrewtes equals the reciprocal of 

‘the sum of the reciprocals of the renistances of each circuit individually. 
‘In the figure the joint resiatance , of the two clt- 

cuite’r and'r,, betwoon @ and b. 


2,= 727 and th resistance required tobe joined (7 
‘in parallel with r to give R, is fi 











rx i, 
rR R 

and the total resistance of the figure, neglecting that 

of the battery and connections, re. b 


aes 


‘The joint resistance of any number of resistances in parallel, as, a,., ¢, 4, 
e ete. will be : 


Toit as 
atoteta 








Hon Resistance. — If n= total insulation resiatanse 
section from'a to ¢, then the insulation resistance 


z of the section from 0 tue will be 
ye yxn 
i . 


‘Cirentta are in proportion to the com 
f the separate branches, or inversely 
Proportional to their respective resistances. 

‘In the figure, total current flowing in 2, 


ea ttn 






















Bridge. — For accurate meas- 
urement of resistance ‘the Wheatstone's bridge 
amothod Js more generally used than any other. 


38 








And the ratio a: b= ya, and any reading as R would be divided by 100. 


Post-Ofiice Bridge, — A very convenient form of Wheatstone's bridge 
isshown in Fig. 5, of which the connections are shown in diagrain 6. The 








letters and figures are the same as inthe former diagrams, and will need no 
farther explanation. 


do MEASUREMENTS. 


Fig. 7 ik a form of bridge designed by Prof, Anthony which emplozts 
smaller number of plugs than ate used in ordinary forma of bridges, i 
thereby dispenses with much of the accompanying contact Fosistancs. 


Lt 








Slide-wire Bridge.—A very convenient form of bridge for ordinary 
ase where extreme wectiracy ik iiot de- 

iandod is the side-wire bridge, shown in 
Fig. 8 It consiete of a wire one meter 
omg aid about Lo min, dianeterxtreteied 
parallel with «meter seale divided into 
Iniltineters, A contact key is so arranged 
fis to he moved along the wire so that con- 
tat with It can be made at any point. 

“A known resistance 2 Ix connected. as 
shown 1 is the unknown resixtance the 
Falvanometer and the battery are joined 
Rp ae shown in the figure; after closing 
the key fy the contact 3 ik then ‘move 
‘along the rire until the galvanometer needle returns to zero ; 
then again; ashe R:2, 

oR 

‘The Cary-Foster Wethod.— For the very precise comparison of 

ncurly equal Fesistanees of from 1 fo 100 ohms this method yields exquisite 
results. In Fig. 1), 8, and Sy represent the (wo 

nearly equal resistances to be compared, and fy, 
F, represent nearly equal resistances, which, fot 
hbést restlts, should not differ much in'magnitude 
from S, aud Np. S, and Sy are connected by s 
slideawire whose resistaneé per unit length p is 
k ‘the battery and galvanometer are con: 
fod'as in the diagram. “A balanee ie obtained 
ine contact o along the stretched wie, 

wnpowe the length of the wire on the left-hand 




















and 


























“jg 24 J aielto'tne point of contact to bea unite. Then 
z exchange sy and 8, for each other without alter- 

Fic. 9, Cary-Fostor hye amothee ennnections in the clrenit. Upon 
Britige, Dirducing w nev balances Iet ay be the length of 


Wire to the left of the contact. 
n Sp=Ms bia) p 





T™ 


Special commutators are upon the 
the'easy exchange of §, and Sx 

‘To avoid thermal effects, which are quite considerable with resistances 
made of some materials, the battery should be commutated for each position 
Of the resistances to be compared, ‘The readings for the two balances 86- 
‘Sompanying the battery cominutation should be averaged, 








warket which have for thelr purpose 


E a COMPARISON OF SMALL RESISTANCES. tL 


eee ee 
. oe 


As sane and diameters have at 
4 : fie! the materia ich 





7 Gaatinceten toe recnaney 


4» ‘Thomeon's Double Bridge. soinpared ith staat Kw re 


ixtaniee 
tances of ineasured longths of standard wire and test wire 
hese two wires aro rly, Joined ay.” Th a 
int of separation between them would make it 
tometer s0 us to yield a reliabl 

‘resistances and o of steht mi 
Wvanomotar tl 





earns ae 
etary estan 
ln te 
te low of ammeter shunts, efe., with standard side ter- 
pores i 
e method of 

results. 


‘be supplied 
‘ins bts connectadt 
(rin tries with tan 
Shaving potential pointy ei 
Seo free terminale 7 74 
Suces are shunted two 10,000 
Stance boxes S /* adjusted 19 
epormal’ temperature, and 
lon'wire of the tame or hei : 
1 wie coatticlent and eke, FIG. Il, Preciue Measurement. 
Wfeties. From the’ point of 
ine; Detwreen the two boxes, connection is made to one terminal of 
smeter g, the other terminal being colmected successively with 
tial pointe a,c, andd. At the outset all the pluge are removed 
box Sand ail aro in place in the box P. After connecting and 
sourec of heavy current, plugs are transferred front one bos to t 
ding hotes in the other Box (this keeps the total resistance in 1 
Soonstant) until no deflection is observed in the galvano 
ition ia repeated for each of the potential points a, yryandd. op 
the resistances in the box 8 ou tho oceation of each of these bale 
Sac SieSe, and Sa respectively, wo have the following expression 
is of dhe tnkunown resistanc 


4 

= 
Hb 
Baek 


























ential Gulvanometer Method. —In galvanometers hav- 
wide by alde, when two separate and equial currents are 
igh the coils, but in opposite directions, the needle will hot more. 
Tents are unequal the needle will be delleeted in proportion to the 
‘of current strength: and, as the current ean he varied by varying 
nce, this instrament will serve for comparing an ankuown Texist- 
a Known resistanc 
Inine if the eolls have equal effect on the needle, connect them in 
onition, and pase a current through them: If there be any deflee- 
eMheadie one of the evile will hate to be moved until the needle 
Gero; or with the coils in multiple a resistance can be placed in 
Mthe coil taking the most current, 











42 MEASUREMENTS, 


RESISTANCE OF WIRES. 


By Simple Substitution. — Place the resistance to be measured in 
series with a galvanometer and battery or other source of steady current, 
and note the deflection of the meedle. Keplace the unknown resistance with 
a known adjustable resistance, and change the latter resistance until the 
same deflection of the galvanometer needle is obtained as with the unknown 
Feaistance; then the unknown resistance equals the value of the known 
Feslatanco that is nocossary to produce the satne deflection, 
teauher methods and applications are shown in the section on voltmeter 

ents. 








RESISTANCE OF GALVANOMETERS. 


‘When a second galvanometer is available, by far the most simple and sat- 
isfactory method ig to measure the resistance of the galvanometer by any 
of the ordinary Wheatstone's bridge methods. Take the temperature at 
the same time, and, if the instrument has a delicate system, remove the 
needle and suspension, 
‘Half Deflection Method. —Connect the galvanometer in series with 
‘resistance r and battery as in the following figure. 
‘Note thedeflection d then increase rao thatthe new 


Aetcton dw be oneal th rst = 3 ell 
tho ew rstance then 
Resistance of Galvanometer =r, — 2r. 

















1 the instrament bea tangent galvancfaster, then 
Fro. 12 Kind d should represent ths tangent of the deloo 
fom 
Memmod."- Connect the galvano- 
ngeeare na Whensioncs Bug AIFS g 


Adjust r until the deflection of G'is the same, 
‘whether the key is elosed or open. 


« 





4 
a etd W ladepeact otha adeoy ot 

aurora modependen of mo rnenanent swe Li 
elie, “baie hand be ooneco ga ie 

ease Paar 





RESISTANCE OF BATTERIES. 


Condenser Method. — For this test is needed a condenser C, a ballistic 
galvanoineter G, double contact key £,, a resistance 2, 
Sf about the same magnitude as the supposed resistance 
of the battery B, and asingle contact key by.” Connect as hs 
in the following figure. With the key &, open, press the 
key k,, and observe the throw @, in tho galvanométer. 
‘Then, after the needle has come to rest, with key ky 














closed, repeat the operation observing the throw 
hen the Poxistance of the battery a a 
a= ca 
rant. 
d Deflection Method.—Connect the 
ineircuit with a galvanometer Gand areiist- Fi, 14. 





ance ry in Pig. 15. "Note the deflection d, and then in- 
Grease rtor, and note the smaller deflection 7; ; then, if the deflections of 
‘the galvanometer be proportional to the currents, 


B= 


Ifr; iesuch that d, 
then B 








parallel with a’eondenser 


"faltamométer G, and key kj shunt the 
‘battery’ 


yrough # with key ky, as in 


Fig. 1 

Close the key &, and note ‘the deflection d of 
the galvanometer, Keeping k closed; cloge ky and 
note dy, the deflection 
‘Then the battery resistance 


1e opposite dit 





B: 


the multiplying power of the shunt. 
Mahop Method, Applicable as well to Dynamos. — With 
‘or battery on opéa dteult, take the voltage across tho terminals 
cfemater and cal itd; take nother reading dat the anme pointe 
battery or dynamo working on a known resistance r: then 
esistance Rati4,, 

‘ease of storage batteries, if the current / be read from an inserted 
when charging, the resistance of the battery is 


aq—d 
# T 








an discharging patot 





ESTANCE OF AERIAL LINES OR HOUSE 
CIRCUITS. 


luctor Resistance, — When the cireuit has motallic return, 
lcasured by any of the Wheatstone's bridge methods, or, if the circuit, 
or can be supplied with current through an ammeter, then the fall 

of potent ross the ends ‘con- 
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Tet resistance of first line 
Fexlatance of second line 
1), = resistance of earth. 
First connect the far end of r and r, together, and get the total resistance 





2; connect rand 7,,, and ineasure the resistance R, ; connect r, and r,,, aid 
get total resistance %,.. Then if 


ape Bb Mt By 





2 
r=T-h, 
n=T—h 
m= Ta. 


‘This test is particularly applicable to finding the resistance of trolley wires, 
feeders, and track, 


ENSULATION RESISTANCE OF ELECTRIC CiR- 
CUITS IN BUILDINGS. 


10n to specify that the entire installa- 
ulation resistance from earth of at 


In the United States it is quite com: 
tion when connected up shall have an 
Jeuxt one megohm. 

‘The National Code gives the following :— 
ing of any building must test free from grounds : i.e. ach main 
supply line and every branch circuit should have an insulation resistance of 
at least 100,000 ohms, and the whole installation should have ai insulation 
Tesintance between conductors and between all conductors and the ground 

juding attachments, sockets, receptacles, etc.) of not less than the 























Upto Samperes . Upto 200amperes . . 100,000. 
Upto s0amperes : | 20004 Upto 400 amperes ©: ‘50,000. 
Upto Zsamperes | | Upto 00 amperes: 2xode. 
Up to 50 amperes | Up to1,60 amperes | | 12,00 





Up to 100 amperes | 





All cut-outs and safety devices in place in the above. 
‘Where lamp-sockots, receptacles, and electroliers, ete., are connected, 
ong-lalf of the above will be required, 
Professor Jamison's rule is : 











Resistance from earth = 





100,000 x somber of lamps" 





Kempe’s rule is 
Re 





P 16 
tance in megohms = + ber of Iampe* 


A rule for use in the U. 8. Navy i 





Resistane 





Institution of Electrical Engineers’ rule is 


7000 x E. 
= ‘number of lamps 











Phoenix Fire Office rule for circuits of 200 volts is that, 





‘Twenty-ve English ingurance companies have a rule that the leakage 
rom 4 clreult shall not exceed yabyy Part of the total working current. 


MEASUREMENT OF EikOTROMOTIVE ForcK, 45 


Below fa tab giving tho approximate ineulation allowable for eieouite 
different . 
ering i Jas oF Tatas 


Alienation tests of Wghting eirglts ould be nade withthe Working 

current. (Sou page 68, voltmeter Lost) 

sph tte following table Uppenborn ehows the Iimporlauce of testing with 
‘Table 1, shows the resistance’ Yetweeu the ternials of'n alate eut out 
‘Vable Ii. shows the resistance between Gyo cotton-corerell Wires (Wisted. 








MEASUREMENT OF ELECTROMOTIVE FORCE. 


Of Batteries, —This can usually be measured near enough for all 
Sctieal purposes by Weston or other ligh-class low-reading voltmeters 
Toltimstar toss): bik if greater aceuruey be wanted, if cast be obtained 
(Peamparing with a standard call by the following motLod : 
Lord Ruzleigh's Compensation Method.—In the following 
let Ft and 2 be two 10,000-chm 


thevstats, # be the battery of larger E.M.F. 
Unsmrelther ofthe cells to be compared, 7 Dep leg 








be 
‘ne of the cells under test, G be a sensitive 
faivanometer, HA be a high resistance to 
Protect the standard cell, and & be a key. 
Obtain a balance, so that the galvanometer R R, 
shows no deflection on closing the key &, by 

transferring resistance from one box to the 
uther being careful to Keep the sur of the K. 
in the boxes equal to 10,000 ohms 
Uerve the resistance in R and all it 2, 

Repeat with the other cell B,, and call th 
reistance R,.. ‘Then the ¥.3.Fs of the two cells 
Ey y= Ry Ry 
Electrometer Method, —Connect the cell whose E.M.F. it is desired 
tomensure to the terminals of a quadrant electrometer, and fiote the setlee- 
tnd. Then substitute the standard cell for the first cell, and note the 

Aetlection di, 
































Then, if ¢he E.M-F. of the cell to be measured, 
and of the standard, 

dey 
and => 


Wheatstome’s Method. —Connect the cell or battery to be compared 
gens etate me's cenomoter and high resietance 7, ad note the detlection 
a: then add another bigh reslatance 7, (about equal to 7), and note the de- 
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flection dy. Next, connect the cell with which the frst is to be compared in 
Sheu win Yhe’galvanomaters and connect inv fesstauco und ete ga 
Gancineter detection isthe same as d then add further resistance net 
ine tuleanometor dees fe the same'as dr then, ites tho HAE ofthe 
isveli and B= the EMT ofthe coll with which itis compared, 





and 





MEASURING CAPACITY. 





Arrangement of Condensers, Im Parallel, —Join like poles 
‘of the several condensers together at 


+ inthe figure; then, the joint capacity 
of the set is’ equal’ to the sum of the 
vorerad capactten vat 

fotal capacity = ¢ + ¢, + oy +4, 
¢ “, ‘Series. — Join 


a Condensers in 
— the tne poles as if connecting up 
Fia. 20, battery celle in series ae in Fig. 2, 
then the joint capacity of all is the 

reciprocal of the eum of the reciprocals of the séveral capacities. 








Capacity C= 





ON ey tnt ban 
Capacity by Direct Discharge. 
Charge a standard condenser, Fig. 22,5 
SC bultery for a Sorta tie, say 90 98 
; then discharge It through a ballistie 
galvanometer @; note the throw d. 
‘Next charge the condenser to be measured, 
Gy by the saine battery and for the sume length of time, and discharge this 
‘through the same galvanometer noting the throw d, ; 























€ 
tilt Then GG 
4 
|g c= ond gach. 
an" ‘Thomron's Method, —This method is that most 
@—  crally'ured for comparing capacities of condensers, ca 
Fie, 2. ete. 





Fra, 3. 


yattery, aay 10 chloride of silver cells, 
‘ariable resistance. 





ite gaivanometer, thera is a Yeilection. “Change the ritio of it 
{rial there la no deflection. 


Q 








For comparing the capacities of two condensers, 
wroximately the same, connect ag in Fig. 4 through 
fontexs resistances 

o the key £ which makes and 
acta at each end. Bisa Dat- 
Iyanometer is Inserted between 
the condensers where they 
vsistances. Adjust the resist- 
iat no deflection results when 
nanipulated. 


c: 


Mttent Carrent Method, —If a tuning fork, making n com- 
Hons per second, and provided with a stylus, be connected as in 
Ill charge the condenser to the voltage of the battery £ and then 
discharge it through the galvanometer @, n times 
i= second. ‘The effect on the galvanometer will 
= the same as though a constant current of 
strength, nE'C, were flowing through it, where Cis 
the capacity of the condenser. To determine the 
Yale Of thls current, connect the battory directly 
to the galvanometer through a total resistance 2, 
#0 adjusted as to give the same deflection as 
e before. 





Fig, 4, 














1 
ae 
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MEASUREMENTS OF COEFFICIENTS OF INDUC- 
‘TION. 


Determination of the coefficients of inductance may be made with a 

‘Wheatstone’s bridge, condenser, and variable non- 

inductive resistance ; connect up as follows 

W let 4 and B be equal constant arms of 

the bridge; 2, the variable arm ; r, 4 varlable non- 

inductive resistance in series with the inductive 

tance, Ind, Ito be measured, and the ohmic 

Tesistance jeh ix 2, C being & condenser 

ced as a shunt around the two resistances. 

1 resistance r in employed to enable one to tse 

a condenser (of practicable size, Adjust C, 7, 

and 2, until there is no deflection of the gala: 
hiometer when the battery cireuit is opened 3 

then CO+ RDS 














Another Wethod:— 


Let r= resistance of article to bo measured, 
Coeficient of self-induction of article, 
resistance = tor, a 


‘C= capacity of a conilenser in microfarads. 
‘Then proceed as follows 


Ist. Balance for constant currents by adjusting ry, 
doth and d, being elosed.. 
‘al. After Closing the galvanometer key ky close 














key I, and note the throw 8 in the ballistic galva- 
nomeier. 







wtitute in the bridge, forthe article whono 
tring ‘wemutca, the condenser GT 
tie resotanee ee 

ent the operation 3, and note the galvae Fo, 27. 





Then 





+ 1,000,000 henrys. 


To Compare Two Coefficients of Sell 
Anduction.— Let the connections be made asin 
‘the cut, the two coefficients of self-induetion being 
wand in the arms A and B. 
Balance the bridge 80 there ig no movement of the 
Ivanometer needle, the key & boing eloged, when 
1g opened or closed suddenly. 
‘Then, if the total resistance of the arm A, includ- 
ing the coil x be 4, and the resistance of he arm F 
ig 2, including the coil y, the coefficient of the coil 











and that of the eoil y are euch that 
a_4 





we have 


ia 





MEASUREMENT OF SELF-INDUCTANCE WITH AN 
ALTERNATING CURRENT OF KNOWN 
FREQUENCY. 


For this test is needed a high resistance or electrostatic alternating car- 
rent voltmeter, a direct current ammeter, and a non-inductive resistance. 
‘Connect aa in Fig. 29, where 2, is an inductive resistance to be measured, 
and 8 a switeh for short-cireuiting the ammeter; the 4. C. dynamo of fre- 
uency ” i® 80 arranged that its terminals may be disconnected, and & 
Dattery he substituted therefore. 
‘With the connections as in Fig. 29, close the switch S, dnd take the drop 
with the voltmeter from a to} and the drop from a to'C; then disconnect 











U0 the resistance 22 be eno and the ammeter be suitable for use vith 
ing Currents, the switeh aud nonlnductive resistince tay lw sli= 
ge 


== 
paused with, We then have 2= a y where J; is the value of tlie al- 


‘eemiting enrent, 
Nore.— The resistance of the voltmeter must be high enongh to render 
tu verncat nogifgibie ne compared wich tat theovagh ate resstaton He 





MEASUREMENT OF MUTUAL INDUCTANCE. 
Lat AL= the mutual Induetanee between 


Let =the set tinductance of one wit 
Lot LS the gelrnuuetane of the! ther 


Let. ,,= the Beletndaetines of both 
‘comusetoit in seri 

Let 2, = the self-induetance of bot evils 
‘connected in opposition towel: 

















other. 
Then, sino ay +h, fou 
Lyk FM 





M= he 


Anommer metnoa yin batery 6 a9 
® onnect as th Big, 30 whe 
Tne two colle whose mutual indy 
Sinise tre cal, pings eel os 
non-inductive resistances, and Cis & cour 
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denser placed in shunt to R+ R,. Closing the Key & produces 

defloctibne of the gulvauomotor'@ by the foavaal beduction of the Sols aad 

Broportional to A Cit. "Varying C gives different deflections in which, 
being the first deflection and d; a second deflection, 


M—CRR,_ M— GRR 








a 
@, being the second value of the capacity of the condenser. 
Then ‘M = CRR, when d is reduced to zero. 


MEASURING THE INDUCTANCE OF AERIAL 
LINES. 


In the following figure «ling is shown with, load of lampe or other trang 
lating devices, aftnéugh ‘for the purpose of getting the ‘ine inductance 


Soe 
Ih 
é 


closed on iteelt, 





ey, and manipulate the slider 

until a balance is obtained ; 

en vary the capacity of the 
‘condenser C-until there is no 
movement of the needle when 
the battery cireuit is broken 
with the key. 

‘Thon, disrogarding line ca- 
¢ peelty, the inductance a 


Fre. Ms and, if od capasity of the 
line, and R be the resistance of the same, 
then oo +A CR. 











MEASUREMENT OF MUTUAL INDUCTANCE OF 
AERIAL LINES. 


‘To measure the mutual inductance of pair of parallel lines, connect 
as in the cut below. Earth both ends of euch line separately, and, to 
trouble trom earth currents, put a small battery in secondary 
justable shunt as shown. Adjust A and C until there is no movement of 








earreny 


Sonny-#~|II 
aT 
[ce 


‘SMALL BATTERY 


EG [stone on 
am Tl 


SHUNT 
Fra. 82, 


the galvanometer needle, when the cireuit of the battery is opened withthe 
ey; then, if 


PRIMARY UNE. 














it 












R tance of the rheostat 2 as finally arranged, 
A, = the resistance of secondary line, 
C= the capacity of the condenser as finally arranged, 


mutual inductance, 
CRR,. 
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TEASUREMENT OF POWER IN ALTERNATING 
‘CURRENT CERCUITS. 

In cirenite carrying coptents, and Saving ax teductence, in 

ie Gin oe ol ee ee 

Ire, the ordinary snethods of measurement of the power oF watts con 

aera mea be caren ein cry cpl 

ia hah eet 




















Fra 33 



























































‘Meroltage, f.e., each having 0 value when the other has @ maximum valué 
‘hepower velit consist of @ nerien of pulsations, fitet positive and then nex 
Meand the algebraic value of the work done, e., power times ite dur 
ton. enuld be equal to zero. ‘The result is that ho permanent work ia done, 
tolihe circuit in said to have a" Power Factor” of 0. The current whic 
thesis called a.wattlese current. If the phase difference be less than 
Au more than 0°, at some instants of time the product of the volte and 
Irv he negative, hut oftener will be positive. The fractional part of 
Aewliole which in positive ie called the power factor, It can he shown that 
Ue aver factor fs equal to the cosine of the angle of phase difference. 
Inamuch na an ampere of alternating current is one whose maximum 
‘ise ie 141 amperes (V2), and a volt of alternating current is one whose 
‘atimum value is LA1 volts, the following relations hold true :— 































u f= maximum value of EMF, 
‘@= maximum value of current, 
ad @= angle of lag of current behind the EMLF., 


‘ten Trne Watts = 24 x Cos 6, 
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it = EME. by voltmeter : Vineant, 
T= current by ammeter : Vinean?, 
a= angle of ing, 
W = watts menatred by watt meter, 


La = Cos @ = Power factor, 





then 


or the power factor ix the value by which the observed volt-amperes must 
de multiplied to give the true watta. 

I a wattmneter be without self-induction in its fine wire coils, and the 
upporting part be not subject to eddy currents, then it may be used for 
measuring the value of power in A.C. cireuits; in fact, in all full tests of 
alternating-current work It is necessary to have wattmeter, ammeter, and 
voltmeter readings. 


‘Three Voltmeter Method. Ayrton & Sumpner. 


‘This method is good where the voltage can be regulated to suit the load. 
In figure 34 let the non-induetive re- 














take the voltage J” across the 
of 2; V7 across the load a5, 
F, across both, or from a toe. 
‘Thea the 


‘True watts: 








yew 
2H 


Fis. #4. ‘The bext conditions are when V 
and, if 1m, 
=Me- he. 











then VW 
Three ‘Ampere Meter Method (not recommended). 


‘Thix method, due to Fleming, ean be used when it is not convenient to 
potential of lout b. 

iu Fig. 25 2 isa non-induetive resistance 

connected in shunt to the induetive load 

ab, with the three ammeters connected as 














‘True watts ib — A AD). 











Combined Voltmeter and Amme- 
ter Method. Fra. 35. 

‘This methov, devised also by Fleming, s quite accurate, and enables the 

accuracy of instruments in use to be 


a re checked. ‘In Fig. 38 2 is a non-induetive 
resistance connected in shunt to the induc- 
tive load a 0, and the voltmeter ¥” measures 


a.c.005{6) the pad acrona'ey. And 4, are ammeter 
connected aw shown ; then 
@ 
oe ry True watts = 3 (4¢—4°— (7)'). 
Fis. 36. If the voltmeter I takes an appreciable 





amount of current, it may be tested as fol- 
lows: disconnect and Tat y, and see that 4 and’4, are alike; then con- 
eet and F at y again, and disconnect the load a b, ‘Then 4, = current 
taken by and J in multiple. 

"As regards all the above mentioned tests with 3 voltmeters, ammeters, etc, 
it may be said that they were developed xt a the when no good alternath 
current instruments were available. Since then & number of good A. C- 
voltmeters have been developed, and more recently the inclined eoil instr 
ments of the General Electric Co., and Schallenberger instruments of the 
‘Wertinghause Co., have placed inséruments in our hands that make alternat- 
ing-current testing nearly as eaay as d. c. testing. 








For voltage within ba instrament availa 

aly necestury to connect one tertatial of thn voltmeter 8 
Taipan the ether terniual to 4 bel of ths oppast 

Toad direct from the scale of the inetrument. A coutinaous current volt 
‘meer sally derlest forwarn preback newuring to with pte e connect 
eermary women rover the fol wes Wh ease te ff 
ligoe the tyaagni te iso deterred. "OF coutee the voltage wero uly It= 
flay be taken th the wtme way, se te yaya voltyge may be kate 
the eviichbourd in which tase the drop th the leads montctimen enterr inte 


he ealemations. Following are diagrams ef the conueetious to biyolir ani 
multipolar dynamos # 


purpose, it is 














Fro, 9, 


Fre. 40, 


Tn the caso of are dynamos or other machines giving high voltages it ie 
ermary to peer ie a inultiptige De wrder to a to ie ve yi 
ogee ne ree ant i aa 








‘anit the following tthe rite te 
maluipiying power. 
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Let ¢= upper limit of instrument scale, for example 180 vol 
BZ UBES limit of pealo required, for example 160 vets,” 
‘R= resistance of the voltmeter, for example 18,000 ohms, 
7 = additional resistance requifed, in ohms. 
Ene 
Then rape or 





‘The multiplying power = For Bas. 


Should the extt rotaice not be avaliable, chen wth any ara 
reitance rth oglarenl endings tat be milled by (3+ 3) 





IMPORTANCE OF HIGH RESISTANCE FOR 
VOLTMETERS. 


It is highly important, ax reducing the error in measurement, that the ia- 
ternal resistanice of a voltmeter be aw high as practicable, as is shown in the 
following example :— 

Let £in the figure be a dynamo, battery, or other G 
source of electric energy, sending current through the 
Fesistance rj and rm. be 1 voltmeter indicating the 
pressure in volta between the terminals 4.and 8. Be- 
fore therm. is connected to the terminals 4 and F there 
will be a certain difference of potential, which will be 
ese when the voltmeter Is connected, owing to the lee- 
ening of the total resistance between the two points; | ii 
if the resistance of the rm. be high, this difference will 
be very small, and the higher it is the less the error. il 




















Following are’ the formulas and computations for de- 
termining the error- 

in the above igure let F be the E.MF. of the dynamo 
rr the rebistance 6f the elreuit as shown between an Fie. a. 
‘rand ry be tho resistance of the Teada 4 and B plus 
Biged ga bp she zenatans of the Meats 4 si lee ac dion blo 
orm. le cohmected the difference between “4 and. will be 
ns. 
rn * 
and after connecting the voltmeter ft will be 

2 

ERFEFREFARR 
‘The difference between the two rests € and, i then 




















“ XE. 





















or 
aS EK ree KH 
an this difference will be amaller the greater the reslatanee R of the em. 6 
Example: 
Let 
300 aim 

00 10 

ies fod TOF 10x 2 FE XB 
1 x2 3 

and suo X 1p 53 X10 088, 
IER be made 1000 ohms, then 

1000 x 10 se 

= 7000 X 10-10 x BF TX 1000 

and ee aay X Hogg X 10 0108, 


i000 * 1042 


ror decreasca in inverse proportion to the incroaso of the ratio 
‘and the internal resistance of the current genorator r,. 
ror is not to exceod p per cent, then the internal resistatice r, must 
nPXk 
“T00" 

-F of high-resistance cells cannot be vorrectly measured by the 
iodcevert with voltmeters of relatively high resistance, but itis 
@ by one of the methods mentioned below. 


ohms. 





MPARISON OF E.MLF. OF BATTERIES. 


tatone's Method. —To compare E.M-F, of two batteries A and 
w-reading voltmeters, lot £ be the E.M.F. of 4; and £; the E.MLF. 











Fie. 42, 


nnect battery A in series with the voltmeter and a resistance r, 
being closed, aud note the detiection ¥'; then open the switch By 
vin the resistance r,, and note the deflection ¥,. Now connect bat” 
pice of and clove the switch 2, and vary thie resistance 7 until 

leflection V of voltmeter is obtained and call the new resistance r, 
the ewiteh B,or otherwise add to the resistance r, until the deflec- 
the voltmeter is produced ; call this added resistance r,, then 














‘tance R may be taken as r, and 
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‘ {I ta 
: | 


é 
s 
A 


Fra. 43, 









Mom 


Move the contact (7 along the wire until the pointer of the instrument 
stiuudy at zero, and let r, be the resistance of AC. 

Throw the xwiteh b sd aa to cut out the standard , and eut in the cell 7"; 
now slide the contact (along the wire until the pointer again stands at 
zery, wid call the resistahee of (4 My 

‘Then the E.MLFs, of the two cells 

TiS i442 ty. 

If » meter bridge or other sealed wire be tised In place of A D, th 
be real directly in volts by arranging the resistance 1 o that wi 
iter at zero the contaet ( is at the point 144 on the wire seule, or at 100 
cx the EAL. of the standard 8, which may be supposed to be a Clark 

All other readings will iu this ease be In hundredths of volts; and 
‘ithe location of ( be at 175.0n the seale when the pointer ie at zero 
on the voltmeter, then the E.MLE of the cell, belng compared, will be Ls 
volts. 
































MEASURING CURRENT STRENGTH WITH 4 
VOLTMETER. 





If the resistunce of a part of an electric eireuit be known, taking the drop 
in potential around such resistance will determine the current owing by 


E 
‘ohm law viz T= + 


In the figure let 7 be a known resistance be- 
tween the points und 8 of the eireuit, and Z 
the strength of current to be determined’ then 
if the voltmeter, connected ax shown, gives a 
deflection of F volts, the current flowing in 


























willbe rt, dnc 2 
tne tho cotetons tapped in certain 

Resistance for Voltmeters. cd 
sitet he stance tan enmugh 

eatin capa sid tacor enprne 

cin een ci 
Te th renting fs exact to-t volt the mene 

? Fie. 44, 


1 
‘urement of current will be exact to =; am- 


eres: It r = 6 ohm, and the readings are taken on a low-roading vol 
Ineter, say ranging from 0 to 6 volta, and that can be Tead to ydg Vole, then, 
the possible error will be 


ols 1 amper 
300 XG = Hao AM POTSY 


. + 
AC readings can be made to ¢]y volt, the error of resistance tmeweureiieuit 
‘vill then be 





: 
1 ashe (44 from, 
ul fur the above example would be 
ca 
rot rex ppp ctr Ab emp i 
yierestanees amd ry le might be better to Teall the drop aesuse fn of 
pa eA bn ee A eee 








ter. 





eststance Measurement with Voltmeter and Am: 

‘The most common modification of the abuye method Is ty dusert aa wine 
ele plea At the peniatance ¢ bn the lst Sur, hel gure X= 
‘lets 1 the onrrent Mowing a aimporms as real From the amunstor. 


A the readings of the voltmeter be correct (4 yf Alul the amimuter rein 
ings be correct ta the simi degre, the possible ertir hacen 


wo {pb gig) = Peron 








Meusurement of Very Small Resistances with a Millivolt 
meter and Ammeter. 
‘Hy using a milltvoltmetor in connection With am anpmetsr, very sinall re 


sthueea ich as EAU OF bars OF eoppur, Mriuutire Feslskanse, ete" AN Ve 
oarately measured. 
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Kio 











Fa, 46. 


In order to have a reasonable degree of securacy in measuring resistanc 
by the “drop” mothod, aa thin is called, it le necessary that as heavy eu 
Fonts an may be available be used.” ‘Then, if be thedyaamo or other souree 
of steady EMF, X be the required resistance of & portion of the bar, 7 be 
the drop in poteitial betwoen the pointe and ® aatd/ be the current How 
Ing in the ofreutt as Indicated by the ammeter, then 


x= 














‘The applications of this method are endless, and but a few, to which ite 
especially adapted, need be mentioned here” ‘They are the’ resistance of 
sirmaturés, the drop boing taken from opposite commutator bars and not 
From the brush-holders, aa then the brush-contact resistance js taken in; the 
Tesistance of station instruments and ali switchboard appliances, such as 
tive resistance of switch contacts; the resistance of bonded jolnte on electri 
allway work, as described in the chapter on railway testing. 





Measurement of High Resistances. 


With the ordinary voltmeter of high internal resistance, let R be the re- 
sistance of the voltmeter, X be the resistance to be measured. Connect them 
up in series with some souree of electro- 


motive force as in the following figure. 
Close the switch b, and read the voltage 

¥ with the resistance of the voltmeter 

alone in circuit; then open the switch, 

thus cutting in the resistance X, and take 


Shominnei iaeate Ba 
oe ©- 
en a). 

revt to yy of @ Volt the error of the above Fro. 47. 


10 (V+ ¥ 
cele wil be 30 (FE) percent 
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MEASURING THE INSULATION OF LIGHTING 
AND POWER CIRCUITS WITH A VOLTMETER. 


For rough measurements, where the exact insulation resistance is not re- 
juired, but it is wished to determine If such resistance exceeds some stared 
gure or rate, then the method above given will do, when applied as fol 
lows: — 
‘Let 





insulation resistance to ground as in figure, 
Insulation resistance to ground of opposite lead, 
reaiatanee of voltmeter, 

potential of dynamo £7 

Feading of voltmeter, a connected in gure, 

reading of voltmeter, when connected t0 opposite lead, 






Ssh 
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& 
ce 
= Stroud = roued 
or 
Then x=R(y-1), 
end X=n(y 1), 


‘The above formula can be modified to give results more nearly eorrect by 
faking into account the fact thut the path through the resistance 1 of the 
voltmeter ts In parallel with the leak to ground-on the side ts which 1 ts 
Connected ae shown in the following figure : 











In this case the voltage V of the circuit will not only send current through 
fhelamps, but through the leaks ¢ f to ground, and through the ground to 
and ey thence through to b, and’ 10.4, these two last paths betng in par- 
allel, tierefore having less resistance than if one alone was used ; thus ifr 
‘ellie resiatanco of the ground leak 6 d, and r, be the resistance of the leak 
¢fand R be the resiatance of the voltmeter, then the total resistance by 
‘iy of the ground, between the conductors, would be 
Rxr 
itr 

voltage of the eireuit, 
Teading of voltmeter from a to ¢, 
Feading of voltmeter from g toe. 

Vo@4+r) 
a(S), 

(end) 


a(t 


Thesum of the resistance r+r, will be = & (' 











anit 





Then 














Ar are lamps are by much tho larger extent run in series, the insulation 
resistance of their clreults is found ina manner similar to Mat for Wuipe 
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ireuite, but the formula differs a little, Let the following figure be a 
typleakzecirout, with m partial ground atc. 

First find the total voltage 1” Between a and 6 of the clreuit. ‘This can 
mnost handily be done with & voltmeter having a high resistance tn a se 
Fate box and x0 calibrated with the voltmeter as to multiply its readings by 











UG 
Ground 
Fig. 60. 


some convenient number. For convenience in locating the ground, get the 
average volts per lamp by dividing the total volte J” by the number of lam 
on the circuits the writer hus found 48 vols to be & good average for the 
ordinary 10 ainpere lamp. With the 16 lamps shown in the above figure, J” 
would probably be about 768 volte. igs 

Next take a voltmeter reading from each end of the cireult to ground. 
Call the reading from a to ground r, and from } to ground ¢,, R being the 
resistance of voltineter as before, andr the insulation resistance req 








" re F-@ +r)’ 

sen ron (2S St), 
sn atin of Seon ried ter tone and he gee 
shea ta teem at ose he A 





Teadings rand 1; in the above dgure say we find the voltmeter reading 
irom a to ground to be 2, and from b to ground to be 36; then the distance 
othe groind ¢ from the tw ends of the eirout Wil be in proportion tothe 
Teaulings 28 and 36 respectively. 

‘There being 16 lamps on the ciroult, the number of lamps between a and ¢ 
ould be 28% (28+ 38) = 4p of 107, and from btw ¢ would be 38 
(2 ++ 36) = df Of 169; thabis, the ground woud most iikely be found bs 
{iveen the seventh and éighth lamps, counting from a. 

















Insulation across a Double Pele Fuse Block or Other 





Let // be fuses in place on a base, 

1: potential of eirenit, 

2 resistance of voltmeter, 

7 = reading of voltmeter, 
required the resistance r across the base 
fay tol Dy 


‘Then 


















MEASURING THE INsU- a 
LATION OF DYNAMOS. 


‘The game formula as that used for measuring high resistances (seo Fig. 
40) applies equally well to determining the insulation of dynamo conductors 
from the iron body of the machine 





‘MEASURING TNSULATION RESISTANCE, 61 





FIG, 5 
Connect, a in Fig. No, 52, all aymbols having the same moaning as 





Where motors are eonnestell tp Isolated plant etre 1 
| igitution the formula nest for fustlation Be dynares Spotters but where 


| dhelmotors are connected to public circuits of stop itis 
sation, whish ane done. 

ting the eoanections shown bx Sig: 48. ig: 68 chown the sommestions (9 
ttoter for determining ite inwulation by current from an operating circult. 




















Here, us before, the insulation of the total connected devisee= 
Me 
a(e-1). 
Ite tata rexitanca of lzeuis and motor in 
lta amet he om, then 





le to grou 
the instilation of Wie 





motor will be ? X= 








EASUREMENT OF THE RESISTANCE OF THE 
HUMAN BODY. 
‘The jare jj of the following figure (No. 54) are filled with a weak solution 


ofeaudtic potaah: the person whose resistance is to he measured places his 
Rands In the jars, if the measurement Isto bo made from hand to andot 
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ama an equally god connection with any other desirable portion of the 
Fist take reading of the voltmeter with the switch X closed then 


have the subject plunge his hands 
into the jars, open 


ie awitch K, Ym, 
intake MR he is HLS? 
subject will be 'p 2 
=n(E-1), v 


in which 2 is the resistance of 


riggltiet  any 

"sathe reading of vol 

‘meter alone, 

1; inti reading of volt 
meter withswiten € | 
pen and the subject 
in'eries with: volte 


meter. Fic. 64. 




















MEASUREMENT OF THE INTERNAL RESISTANCE 
OF A BATTERY. 


tn tie following gare (ob 1 otc oratory howe rename 
Pee eas ene 

tabard 
‘Let V =the reading of voltmeter 
with the key, XK, open 
PUSS Fs 

poet 

race orem 
septa ae 
hea, 

Fa. Pats 

hen the ball Sanco 
rx L5H onme. 

















SIEMENS-FROELICH METHOD. 
In the following figure Qo, 88), let Fe the coll or battery to be mensure 


Ka awitch for closing resistance r 
Bore; 7, ry and 7, be suitable reals 


iiuicos toninested ae shown, The volt 
meter should of eouree bes iow-rendin 
Glowo'by the key A, unde, and 
shovoltheter; next close 6y'the — F 4 a) 
Ym 


Fro. 56. 














key Ay 4 and 2, and read the volt 
meter; then adjust 7, until the volt 
meter reading is the same. for either 











che cell, so that the current may not 
+ if this be done, of course it is necessary 10 
wn resistance froin the final reading r,. 


CONDUCTIVITY WITH A MILLIVOLTMETER. 


‘This is a quick and convenient method of roughly comparing the condue- 
tivity'of a sample of metal with that of a standard pleco. 

In Fig. 67, 2 is a standard bar of copper of 100% conductivity at 70° F.; 
this Dat may be of convenient length for use in the clampe, but of knows 


CONDUCTIVITY WIYH A MILLIVOLTMETER, — 63 


vetion. x fs the plece of metal of unknown conduetivity, 

Scteation aw thd andar, Hels nour of steady eunion 
‘available it Je mile the better for the Aarose, 

Kronter with a” tte distance 

hay 


the contact device 
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w conductivity ; therefore: Macing th its 
13 he coat oF the sll fohuneee vill give tea tose ef ihe 
Piecartee rrotioes. 


|, on efther bar, be tn cots i tn ee ro, 
it 
giv 





the reading from = 200 mitlivolts, 
the rewling from X 
percentage conductivity of as comps 


‘205 : 200 :: 100: conductivity Ul X, 











MAGNETIC PROPERTIES OF IRON. 


ipa a givon excitation the ux @ or duxcdonsity Bot an electromagnet 
weil depend upon the quality of the ion o steel of the eore, ad i usally 
Thted as compared with air. 












1 aol of ro by terse with a curren a certain number of 

igietie lines of force, Je, wil ve developed per square centimetre of te 
come of air. Now, Hea cope of ron be thrust into the Goll, taking the place of 
tie air, sminy more lines of force will Huw; aul at the contre of the solenold 


these Wi 


ie etal to lines per square ceutimetre, 
on or ateel varies considerably as to the number of Tines per squar 
ctre(g which it will allow to teaverse its body with a given excitatio 
uetivity towards lines of force, which is called ite permeability, i 
numerically represented by the ratio of the fluxdensity when the core is 

rexent, to the fuxdlensity when alr alone fs present. ‘This pernieability 
fs represented Dy i. 

‘The permeability « of soft wrought trou is greater than that of east iron 
and that for mild_oF operchearth unmealed steel castings as now made for 
diynanon and motors is nearly, aud in some cases quite, equal to. the: best 
soft wrought iron. 



























‘The number of magnetie lines that can be forced through a given cross- 
section of tron depenuis, uot only on ite permenbility, but upon its satura 
tion. For instanee, if but a sinall number of lines aré flowing througk the 


iron at a certain exeitation, doubling the exeitation will practically dovble 
the lines of force; when the lines reach a eertain number, increasing the 
exeltation does not proportionally increase the lines of force, und an excita 
tion muy be reached after which there will be little if any inerease of lines 
of force, no matter what may be the Increase of exeitation. 

Iron of steel for nse in magnetic circuits must be tested by sample before 
any accurate calculations can be made. 





Data for BH Curves. 


Average First Quality American Metal, 
(Sheldon) 
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Fra. 1. Magnetic Properties of Iron, 


66 MAGNETIC PROPERTIES OF IRON. 


In Inrge generators, having toothed armatures and large Sux. donsties i 
the airgap, the flux is carrled chiefly by the teeth. ‘This results ina very 
high tooth ‘dux donsity, and a correspondingly reduced permeability, The 
related vatuot of GB, Ge, and w are given in the following table. ‘These 
values are for average ‘Ainerican sheet metal. 





Permeability at High Flux Densities. 





Ampere | Ampere | |® | ritomaxe 
se | ARE | sets. || Rae eae 
su Toren: (lwok Pebele| nme || Saeewe 











200 408 198 1T 99.0 
+400 08 210 135 525 
con pried 15 138 8 
800 1016 218 0 m3 
1000 2020 220 M2 20 
1200 ore 2.3 44 18 
1400 288 Et 45 16 








METHODS OF DETERMINING THE MAGNETIC 
QUALITIES OF IRON AND STEEL. 


‘he methods of determining the magnetig value of iron or ates} for ele: 
jurposes are divided by Prof. 8. P. Thompson into the follow- 
jagnetometric, Balance, Ballistic, and Traction. 

tHiewe methods, now no longer used to any extent, consist in 

rom the deflection of a magneto- 
er needle pk 


i the Halanee class, the deflection of the magnetometer needle is bal- 
wn forces, oF the deflection due to the difference in magnetiza- 
tion of a known bar and of a test bar is taken. 

‘The Jaflistic method ik most frequently used for laboratory testa, and for 
auch eases 1& require considerable accuracy in the results. ‘There are really 
tivo baliintie methods, the ing meth and the Divided-bar method. 

methods the ballistic galvanometor is used for measur. 
ing nduced ina test coil, by reversing the exciting current, oF 
cutting the lines of force. 


Ring Method, —The following cut shows the arrangement of inst 
nts for this test, as used by Prof. Rowland. ‘The ring ie made of 
sample of iron whieh is to undergo test, and is uniformly wound with the 





























exciting coll or efrcutt, and a amall exploring coll 1g wound over the exalt 
Mhgcolat one point, as shown, “The terminals of the latter are connected 
Jo the ballistic galvanometer. 
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ne 
Te 
st. The reversing switch. ts ther ‘novernl tines, " 
Tamometer ‘connecting the gaulvanongeter the swt tc 
Pea ey pe ee 
for a somewhat smaller current, which is again reversed, and the 

Reet turret of anf ubaieed snagilcae, “Th every cage the catty cos, 
desired . inevery Exciting cure 


Senate eee igh amount of exciting eur- 
dlisconneeted. 


rent aud the row of the galvanometer ure noted and 














ng force 
c= $5 x for iat x 
Ty = length of the ring in inches, then. 
Jers 00 x 
‘he throw of the gulysnometer, 
UES Gethrol eg ‘ 
of the test oll and eirenit, 
number af turns In the test ell, 
Sina Coureieageen al bus pion iw canti mance, ther 
_ wrk 
@="Fam, 


‘To determine K, the constant of the galvanoineter, discharge a, vondenser 
of known capacity, which bas been charged tau knows voltage, theougl 1, 
and take the reading #4, then 

If ¢=capacity of the condenser in microfarads, 

¢= volts preseure to which the condenser is charged, 


then the quantity passing through the galvauometer upon discharge 














ce 
cuulombs ts Q= F550 600" 
aud the galvanometer constant 





*= Taio 
Divided-Bar Method, — As itis often inconvenient or impossible to 
obtain samples inthe form of 
‘and’ stilt’ more incon: 
Toiwind the colis on it, 
ison’ devixed. the dl. 
ar methods in whi 
te sample isa long rod ¥” 
diameter, inserted In closely 
ftting “botes nm heavy 
‘rrought iron yoke, as show 
ithe following eu. ene 
‘nthe eut the exciting cotls Centar ee 
scelin igo paste, and rece waster 
iret from the battery cums ‘ 
Gewh thelammoter; Fesiat- Fro. 3. Arrangement for Hopkineon’s di 
teceand severing switch," yided-bar mete of measuring bem 
aitown, iy. sae 
divided noar the contre at the point indicated in the cut, 
a eet te oot oll ia placed over it, and sy arranged with eprings us 
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to be thrown clear out of the eke, when released by pulling out the loose 
fend of the text bar by the handle shown. 
in operation, the exciting eurrent ts wijasted by the resistance R, the tet 
bar nttenty pulled out by the handle, thus releasing the text coll ‘and pro 
‘x thiow of the galvanometer.” As the current ts not reversed, tbe 
fnuuced’ pressure is due to A’ only, aud the equation for QB is 





and 


x 


‘Where Z = the mean length of the test rod as shown in the cut. 


In using the divided-bar method, a correction must be made, for the rea. 
gon that the test coil is much Iufger than the test rod, and ‘a numberof 

We coil that «do not through the rod. "This cor- 
ned by taking a reading with a wooden tett 

















‘The following cut slows the method with aufficient clearness, A heary 
yoke of wrought iron hus a small hole in one end throngh which the test 
rod is pushed, through ‘the exciting coil 
shown, and against the bottom of the 
yoke, which is surfaced true and smooth, 
fan is the end of the test rod. 
In operation, the exciting current is ad- 
justed by the resistance 2, and the spring 
‘ance is then pulled until the sample or 
teat rod separates from the yoke, at whieh 
time the pull in pounds necessary to pull 
them apart is read. ‘Then 


























= area of contact of the rod 
Fia, 4. $. P. Thompson's per- and yoke in square inches. 
‘meameter, ‘Fe found sein the Hopkingon method 
weceding thie. 
Following isa description of a practical adaptation of the, 


Permeameter to 
ighouse Hlectric and Manu- 





shop-work sis used in the factory of the Wes 
facturing Co, at Pittsburgh, Pa. 





‘The 





‘ermeameter, ax used by the Westinghouse Electric 
and Mig. Co. 


DESIGN AND DESCRIPTION PREPARED BY Mn. C, E. SKINNER, 








‘A method of measuring the permeability of iron and steel known as the 
« Dermeameter Method = was deviaed by Prof Silvana P. Shompeon, and is 
Ise te lw of trastion aa enunciated by Clerk Maxwell. Aveording to 
ris law the pull required to brenk any number of ines of fores varies aathe 
Square of thenamber of lines broken.” (A completediscussion of the theory 
oftepermenieter with the derivation 9 the proper frutal fr ealgulatiog 
fi fetie from ths meawaromonte wie found fa she Bloctro Magnet; 
Prof. 8. Be Thompson) 

“A perineatneter which tas been tn use for several years in the laboratory 
of tho Westinghouse Hlectrie and Manufacturing Company, and which has 
fsiven excellent satisfaction, lo shown in the acoompanying ‘drawings. The 











70 MAGNETIC PROPERTIES OF IRON. 


‘Where, = number of turns in the magnetizing coll = 223, 
"|S current in amperes, 
iE length of imagnetis etronlt in centimetres, estimated in this 
ease aa 11.74. 
Subetitating fhe twa values in the above formula we hare 
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‘Prom the above t will be aon that the permeameter isnot wall sdapted 
for giviug the absolute values of te quality nf iron and steel, but isespectally 
suitable for comparative values, such ar are noted in ordinary work, where 
large nuinber of samples are to be quickly measured. A complete curve 
faith taken'and ploted inten minutes. ‘By yuitable comparison of known 
Samples mensured by morenceurnte methods; the permeameter readings may 
beetaluated to A suficiont degree for use in the calculations of dynamo 
electric machinery. : 





CORE LOSNES. 


‘Theso result from Hysteresis anil Eddy currents. 2 

Professor Ewing has given the name Hysteresis to that quality in iron 
which causes the lagging of the induction behind the magnetic force. It 
causes a lose when the direction of the Induction is reversed, and results iu 
aheating of the iron. It increases in direct proportion to ‘the number of 
reversals, and as the 1.6th power of the maximum value of the induetion in 
the iron gore, “The heat provuced hae to be dissipated either by radiation 
or conduction, oF by both.” Steinmetz gives the following formulx for lis 
teresis loss in ergs per cubic centimeter, of iron per cycle; k= Qi 
where » = a constant depending upon the kind of iron. 














Mysteretic Constants for Different Material 








HYSrERETIC CONSTANT. 








Marentat, a 
Very softiron wire... ee ee 002 
Very thin soft sheotiron 2. ee 0015 
Thin good sheotiron. oe ee 003 
Thick sheet iron 2. ee 0083, 
Most ordinary sheet iron... ew 008 
‘Vransformer cores. oe ee eee 903 
Soft annealed east stool 6. es 008 
Soft machinesteel 6... eee 0004 
Cast sted eee 012 
or ear reer 016 
Hardened cant steel oe eee eee 005 








Fudty Currents are the eal eurrenta in the iron core caused by the E:M.F's 
gencrited by moving the cores in te feld, aud merense asthe Square of the 
Somnber of Pevelititns per necend: The gure in co ateite oe hse he 
core eo that current eahnot flow. These currents cause heating’ and valees 
fovcore beaininated to a great egree,avo apt to heat the armdtare coveaa 
mits fo char the Intl of ey wnlngs no 

‘Wiener gives tables showing the tosses by Hysteresis and Eddy currents 
atone exelo per seconds uiider different conditions: ‘These ace. ohare 
haMny nuhbor of epalo by rect proportion, Folowing. are 
ables 
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‘The Step-by-Step Method of Hysteresis Test. 


‘The sample for hyateronie tots, boing ganerally of sleet iron, are made 
in the form of annular disks whose inner diametars are not leas than of 
their external diameter, -A number of these leks are stacked on top of 
oxeh other, and the composite ring is wound with one layer of wire form 
ing the magnetizing coll of m, tarus. ‘This coll is connectod through a re- 
Yersing switeh to an animeter'in series with an adjustable resistance, and 
Storage battery.” A secondary test coil of n, turns is connected With a bal 
istic galvanoineter, as showa in Fig. 7 








‘To make the test, adjuet the resistance for the maximum exelting current 
Rorerse the switch several times, the galvanometer being ‘disconnected 
‘Then connect the gulvanometer, aid reduce the current by moving the co 
tact arn of the rheostat up one step. ‘This rheostat must be so constructed 
that an alteration in resistance eait be made without opening the circuit even 
Jorn instant. Note the throw. in the galvanometer corresponding to the 
change in exciting current. Follow this inethod by changing resistance 
step-by-step antl the current reaches zero. Reverso the direction, and in- 
Creawe step-by-step up to amaximumn and then back again to aero, "Reverse 
ore, and inerease step-by-step to the original maximum,” tn every 
ote anid record the value of the exeiting current i, and the corre: 
‘uhtow of the galvanoeter, 6. Forma table having the following 
ing to ite columns 


2 4 —— changoot®, 
Values of H are obtained from the formula, 


se = SH, whens 















werage circumference of the test ring, 


“pr 
Chango of Gis obtained by the formula, 
wR Ke 


where all letters have the same significance as in the formula on page 67. 
Hemember that we startel in our test with a naximum uninown value of 

and that we gradually decreased this by steps measurable by the throw 

the galvanometer, and that we afterwards raised the (pin an opposite direc- 
tion to the same maximum unknown value, and still further reduced this tO 
zero, and after commutation produced the original maximum value, Ae: 
Cording to this, if due consideration be paid to the sign of the (@ which ts 
determined by the direction of the galvanometer throw, thee algebraic 
ram of the changer tn(Babeuld be anutl to zero: the algebiale eum‘of the 
first or second half of the changes in (8 should Mie equal to twice the value 
of the original maxinum.@,. ‘baking this maximam value as the first under 
the column of the table edded @, and. applying algebraically to thie the 
changes in for successive values, we obtain the completed table, Plot 
Acumve of jCand@. The area enclosed reprosents the energy lost it carry: 
ing the sample through one eycle of _ magnetization between the maximun 
Timite++ Qjand —(@B Measure this area, and express it in the same unite as 
js employed for the co-ordinate axes of the curve. ‘This area divided by i 














CORE Loss. 75 


number of orgs of work performed per oycle upon one cublo cent 
thelton, the faduetion veing carried to tho lnnte-+ Chand 0S. 


‘The Wattmeter Method of Hysteresis Tests. 


teh as the iron, a sample of which is submitted for test, is generall 
dloyed in the manufacture ‘of alternating-current apparatus, it 
to make the test as nearly as possible under working conditions, 
mples be diske, as in the previous method, and these be shellack 
{dea before being united into the compoalte testring in order to 
inuch as possible foucnult current losses, the teat cast ‘be quickly 
‘Ording to the method outlined in the following diagram :— 





rar 


Fia. 8. Wattmeter Test for Hysteretic Constant. 


ating current of / alternations 
Woltage, #yand durrent strength, are meastired by the alternati 
‘oltmeter, Vy and ammeter, A. ‘It r be the reslatance of te ter 
‘of m, turnd, then the watts lost in hysteresio Wis equal to the 
srreading W’— ir. If the volume of the iron be V cubic centi- 
‘nd the cross soction of the fron Ting be a square centimeters, then 
a's hysteretic constant 


oy (Meee): 


Wt current losses are neglected In this 
and the assumption is made that, the 


second fs sent through the teat- 





















aia ‘eater, —In this in- 

test sample 

he sheee trong wid 

leverare Fotated between the poles uf a 
magnet mounted on Knife elges. 

Flew a pointer whieh moves 
le. ‘Two staudtrds of known liyster- 
ertiog are used [or Fel he de 

w to these sainples are 

their hysteresis losses, 

the two points thus fod is 
this Ti 






























Th 








76 MAGNETIC PROPERTIES OF IRON. 


ertical shaft which worked freely on pivot bearing at tte lower end. 
‘ty’ had a width of 1 Centinttors an outaie chamater of ad pentionotes, 
fai enough were used to mak we)linder sboct 
Es contineters highs, ‘The top port of tle oe 
frament, whieh fected on 8'tlin beaas avi 
der uurrouiting the Tings wea moratlee’ Ge 
tie upper surlugo wes mktked a degree hake 
over ha used a pointer wih ek te 
Upper end of w helical apring rotated It was 
Retecnmtructed tine whtn, fie vertical ait 
teh ie rings nd the upper part of the hake 
eit, withthe npring. Waw put Aa pleco the 
Tower end of tie spring engaged witb tho shat, 
fu commequentiy rater: wi the ingen 
pointer moving wiuh dieluwerendot Gaede 
Feaclal tothe tere of the degree seals Bek 
Uiciapparatun win reudy foretass Syleeeae 
angupent it'was' fount wbat dieiortontt 
Techy to give the upring. te oalestes Be 
ance heeft of che afating macrg cath 
aig having heen calibrate eee ee 
ic, 10, Hystorens Metor. gus igs per eele Wate determined by bul 
plying the Hegre alstorion by a sonstant 
0 arranged that it easzowndedt bul dl not touch the rise’ ade 
nda eth two fixed brushes that rested tn diameteleely cee 
Hite positions it' tyonpert cominutaior, witch kevolved ‘with ot ace 
the Popmncnta were edunteted cach ta'a collector rng ugatust whielrebved 
a brush, the latter two. brushes behug folned through senaitive Weston 
Wulueters “if tis wore soarranged that the coll was at right angles te 

















pacsanes, 


1020 38300 oR aD 
REVOLUTIONS PER MINUTE, 


Fre. 11. 


induction, when the brashes changed contact from one segment to the other, 
it'in evident, the self-induetion of the circuit being negligible, that ie 
mean value of the current in the cireuit was proportional to the’ total fx 
through the coil, Knowing the constant of the voltmeter, the deflection Was 
enuily calculated from the speed of the magnet, the number of turns in the 
coil. eroseeection of the ringe, and the resistance of the elreult. From a2 
Fhutietion oF 2.00 gauasen to at Tens. 10,000 guurees, the Teakage aero tt 
Interior apace of the rings was negligihl 

‘Carried on the shaft below the magnet was a pulley around which pasol 
a flat belt driven with apulley of the same size on an electric motor, so tat 
the speed of the magnet could be found by observing that of the motor. 13 
operating, the deflections to be produced on the voltmeter at a certain 
wich the desired induction in the rings, were firat caloulated. ive ht 





oss per cycle nad two components; one remaining constant, due to 
eis, and the other varying as the speed of the magnets, due to cur- 
nduced in the iron. 

15 gives observations of eddy current loss and thickness of iron sheet 
‘aasuinption, The line drawn is a parabola, so that it would appear 
ith the rango of observations made the los varied about as the square 
thickness of the sheets, 


2010 2000 9000 _4000 e008 200 
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a 
REVOLUTIONS PER MINUTE. 
Fig. 12, 


1 gives lines from iron Of centimeters thick. Speed readings were 
en lower than 250 revolutions per minute, as it bad been found that 
were always straight, and speeds below this value could not be 
it the tachometer available for this particular test, Plotting the 
‘#is as a function of the induction, in this case the points are all quite 
Ya curve whose equation is, Ergx = 4 constant x (Density per square 
eter)", three points in the latter caleulated curve being shown by 
‘en. ‘The from, Lest on which is shown in Fig, 12, was centimeter 
SiPingwe a orantar addy entrant lose. Phe ania 
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EDDY CURRENT FACTORS. 


‘Y CURRENT FACTORS FOR DIFFERE! 
CORE DENSITIES AND FOR VARIOUS 
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SPECIFIC ENERGY DISSIPATION IN ARMATURE 


cone. 
(Weiner) 





Maaxerie 
DENKITY, 


HYSTERESIS LOSS FOR 

SHEET IRON AT. FRE 

¥ OF ONE MAG 

CYCLE PER 
SECOND (IN WATTX). 





EDPY-CURREXT L088 _FOR 
080//(.075 CM.) LAMINATION, 
‘AT OSE CYCLE PER SECOND 
PROPORTIONAL TO. FRE- 
QUENCY (IN WATTS) 











a | te 
Gaus: [of force] 
tee. ac 


Per, | Per’ Per | Per 
ems Jett. kg. | Ib. 


Per | Per | Per Ter 
ems fe. ft.| 





2.000 + 12,900 
3.000 | 19.350 
S000 | 25.300 
5,00 

8.000 
7.000 
000 
9000 
10.000 
11.000 
12000 
1.000 
14,000 
15,000 
36.000 
17.000 
18,000 
19,000 
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p Motive Force, — Tho magneto-motive force, or magnets. 
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Ste ant 
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tle. Force, Intenslty of magnet force in an 
fasta Sia of the whgice tang stones: Ie 
ipa one score 
Si aia A 
PER rere tner onion metre 
agantvenah as Muethion ieteeSes in ba koeiar a on 
TeeTall lougth, the valve of the magnetic forces HC, be deter 
talowine Seat 
ee 1257 8 in whieh 1= centimeters 
thin given tn iets, shen 
em 86, in whieh = ches 
y of the magneti¢’force is to be expressed in lines per sq. inch, 
deans! 

£90. at the contre of 9 Mingle-tara of Comtactor.— 
Jeg SF SPS Sette of tadius rs carrying f amperes of current 


oe oT, 1 
I= Fp X p= MX; 


earring, eurrent) a 


‘whilo soft iron hus great reten- 
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Work doue by Conductor (carrying Current) im moving 
across a Magnetic Field. 


If the conductor desoribed in the preceding paragraph be mov 
the fleld of force, the work done will be determined as follows 
to the symbole there used, let  — breadth of fleld in aud across which the 
‘conductor is moved ; @ ='work done in ergs. 








N= U1 x ¢ = number of lines of force cut, 








Rotation of Conductor (carrying carrem 
Pole. 


If. conductor (oarrying current) be so arranged that it can rotate about 
the pole of « magnet, the force producing the rotation, called torgue, will 
determined as follows: The whole number of lines of force radiating from 
the pole will be 4 times the pole strength m. 


4x ml 
ig = 1.287 mE. 


Dividing by the angle 2x, the forgue, 7, is 
=aml, 
Every magnetic cireui tends to place itself s0 as to embrace the maximum 


siz. 
‘Tio electric conductors carrying currents tend to place themselves in postion 
such that their mutuat fu may’ be maceimum ; otherwise stated : if two eur: 
Fonte Tun parallel and tn he sante direction, euch produces a Held of 
‘own, and each conductor tends to move aeroas the other's field. 
in'two collgor conductors iying paraliol fo each other Aan 4 tangent xt 
vanometer, the mutual foree varies directly in proportion to the product of 
their respective ni, and Inversely as the axial distance they are apart. 
‘Principle of the Magnetic Chreult,—The resistance that a mag- 
notle elreult offers to the passage or How of magnetic fines of force of fas 
fins boon given the name of relurtance, eymbol ({,and ia analogous to rent: 
arg to the tow ot electric current in'a condudtsr 5 af 
‘magnetic flux or lines of force ‘are treated. sa current flowing in 
magnetic cireuit, and denoted by the symbol ¢. 3d 
ie above two factors, together with the magneto-motive force described in 
the early part of this chapter, bear much the same relation to each other 
‘as do reslatance, current, and EMF. of electric circuits, and are expressed 


8 follows :— 
— Magneto-motive force 
‘Magnetic flux = Magneto-motive force 


round a Magnet 
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Power, and Traction:— [f wo can assume that there is 


somnagnels len be ealeulated from the follow” 
ingetfresoion aif dimensions ig in Inches, and the pull in pounds. 
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Winding of Magnet Cotls. 
‘The following nomenclature is employé 


D= diameter of insulated wire in mils. 
d= diameter of bare wire in mils. 
D=4), 


{= thicken of nultion on wir n inches (Le, 2= 
1 tal ong uf wire in collin feet. a, 9,A and (ell dime 
alles 











ratio of diameter of insulated wire to bare wire. 
volume of winding space in cubie inches. 

tal number of convolutions on spool. 
‘= number of layers of wire on spool. 

\umber of convolutions per linear inch. 

resistance in international ohms of miil-foot of pure cop, 
G05 chins at 20°C) 
R= total resistance of coll in ohms. 
1 resistance per foot of wire in ohme, 


f feet in one ohm, 
‘tm = mean length of convolution in inches. 


‘The winding will vary between two extremes, one the “square” 
inwhioh itis asa 
the convolution: 
gether as if the 
‘Of square cross-sec 
the other the" 
winding in which 
sumed that. the 
ogether ae if the 
of hexagonal eros: 
On ‘the assumpt 
he, sume eolume 
‘by Insulatiy 
rial about 15 perc 
copper volume is, 
bythe conical’ 
of winding. 
saabe square wi 
‘assumed in the following, unless otherwise specified. 
"The diameter of wire necessary to fill a given coil space with a gi 
ber of convolutions is 
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Fra. 2. 
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or a= Ving = Ve 


‘The total length of wire of given diameter which ean be wound tt 
coil space is, 





From the above formula the dimensions of a xpool to hold a specifi 
of aire of given diameter nay be determined. 

Ifa and bare known 
= G69 (a? — 
If band J are known 





Ita and Jare known 














For square cores, Fig. 3, 
= TPT yp 
a= | ym Ly 


For rectangular cores, Wig. 


oe Lv 


orvore made up of square and two semi-cireles, Pig. 5, 
Tuo corecete, Bi, 
ake ot omercirel, & 








86 ELECTRO-MAGNETS. 





a= [ \SROSO ROTO 0 | 


‘Thickness of Wire Insulation. — The thickness of insulation upon 
wire varies with the manufacturer, and no fixed value can be given to cover 
Ail cases, "The following table represents the practice of several large man- 
Ufacturers, “To determine the diameter of insulated wire, add to the dia- 
‘meter of the bare wire. 


FOR coTToN. FOR AILK. 





B&S Gauge | Single | Double | Single | Double 


oto10 | 7 mils | 14 mils 
10to 18 | Smile | 10 mile 
up |4mils] Sinils | 2mis| 4 mits 








‘The above values correspond to 2¢ in the formule, 


Rel of Ampere-turas to Dimensions of Coll. 
For a coil of stated dimensions it can be shown that 


Ee 
NTS 118 Ta 0.0m 
where £ = difference of potential across terminals of coil. 

"The anspere-turna are independent of the length of the’coll, of the thick- 
nese ‘of Insulation, and of the method of winding, depending ‘apo ts 
Giameter of the wire, the mean length of turn, aad the temperdcure of 
the cot! 

"To keep the number of ampere-turns constant in a coil of given volume, 
ce of the wire must vary inversely ns 2. 











Relattons Holding between Constants of Coils, 


In the following it is assumed that the thickness of insulation is pro 
tional to tte dlattieter of wire, amd that all coils are uniformly wound, ho 
Fesulte obtained under this consideration are practically but not sirietly 
correct 

"The weight of copper required to fill a given coil votame is constant, 
watever the siz of the wine aed. : 

Tite resistance in a given volumie varies Inversely as the fourth power of 
the diameter of the wire used. p 

"The resistance ina given volume varies inversely as the square of the 
ceronesectional area of the wite used 

‘The number of convolutions ina fixed volume varies inversely ae the 
square of the diameter, of iuversely as the cross-sectional area of the wire 
aed. 

“The resistance of a coll of given volume varies directly as the square of 
the nuber of turns, 

"ine magnetic effect produced by an clectresmagnet of given shape, sas 
and construction Is. proportional to the prover of the current tno the 
Bduare root of the reatstance of the coll. 

if two coils of same dimensions re wound with different size wire, the 
current must vary with the crosesectional area of the wite, in order 10 
obtain the same heating effect, or aame temperature rise, 

‘For samo energy loss £* must vary inversely aa (area) of wire, or for 
same heating effect the voltage across terminals of coll must vary inversely 
as the cross-sectional area of the wite used. 
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Permustble Amperage and Permiulble Depth of Winding for Magnets with Single Cotton- 
Covered Wire. 
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With Double Cotton-Covered Wire. 


ELECTRO-MAGNETR, 
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RELATION AND DIMENSIONS OF CON- 
DUCTORS FOR DISTRIBUTION. 


RELATION OF E.M.F.; CURRENT; DISTANCE, 
CROS#-SECTION. AND WEIGHT OF 
conDUCTORS. 


a urtent or EAMLF, varies directly with the amount of energy trane 
mitted. 

b. Given the work done, loss on the line, and the E.MLF, at the motor 
terininals and point of distribution; then the cross-section of conductor 
varies directly with the distance and weight ag the square of the distance. 

‘c. With the same conditions as above, the weight of conductor will vary 
inversely as the square of the E.M.F. at the niotor terminals. 

d. With a given cross-section of conductor, the distance over which a 
given, amount OF power ean be transmitted will vary as the equare of the 

a 











¢. Given, the weight of conductor, the amount of power transmitted, an 
the loss in distribution; then the distance over which the power eau 
transmitted will vary directly as the E.M.F. 





PRECISION OF CALCULATIONS OF DISTRIBUT- 
ENG SYSTEMS. 








While it is possible and in every way the best to make complete compu- 
tations for the conductors for ixolated plante and for planta of = permanent 
nature, itis practically impossible to make anything like precise computa- 
tions for large public systems of digtributions, such asa large Edison 
system 

In the early days of the Edison stations, exact alzes of conductors were 
computed for entire systems; but when the network system was introduced, 
and it became possible to keep the EMF. constant all over a system Dy 
varying the number of feeders, ull such exact computations were dropped 
sun to‘tay such systems are equipped with few standard sizes of conduc: 
tors, feoders being of one of two sizes only, and mains being of but two or 
three sizes, judgment of the management being used as to which size will 
dest fit given conditions. 





























ECONOMICAL CONDITIONS, 


In the laying out of a system of electrical distribution, there are sight 
polite to beur fn infad in onder to obtain the bext economy’: and thoy have 
Dei! to well stated by Abbott, that { quote from lif book the following |= 
1. ‘The conductors must be so proportioned that the energy transinitted 
through thei will not cause an winlue rise of temperature, 
2. ‘The conductors must have such mechanical properties ss to enable 
them to be successfully erected, and so durable ae"to require’ ftnntin 
‘of anual maintenance, 


ids eth contuctors may be to designed as to entail » minimum fret cost in 
{ine construction. 
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‘The engineer frst decides on what will be the cost of laying one additional 
ton of copper, and the rate of Interest (+ depreciation) ; then, referring 10 
the first table, he finds tn the top line the amount corresponding to is ost 
of copper, and follows it down to the line corresponding to the rate of inter- 
fest he is to charge; and the number found at this Intersection must then 
be taken to the sevond table, where, commencing on the line giving, at the 
loft, the estimated cost of one electrical horse-power per annum, he follows 
to the right, stopping at the number nearest in value to that determined 
from the first table.” At the top of this column will be found the ares ia 

ar mills and in square inches of the most economical eouductor for 100 

‘os of current, ald size for other currents is in proportion. 
he preceding rule determines the most economical crose-section of con- 
ductor for a maximum current, aud not for the varying eurrent of practice; 
therefore it is necessary to multiply the result obtatned trom the previous 
tables by a ratio found In the following table, which was also caloulated by 
Professor Forbes from the following formala— 


Mean current=eurrent= y /@t+() 


ats 
where ty ty fy f¢Fopresent the number of hours per annum during which 
Gnesiuattet, Shechalf, threequarters of the full current aud the fall arrest 
istreapectively passing through the conductor. 
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TO FIND MEAN ANNUAL CURRENT. 
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‘The figures in the columns beaded, “ } current,” “4 current,” current,” 
Full current,” represent fractious of the total annual time during 
4.4 of the full current and the full current ls passing through the 

OF: 














‘The figures in the coh r@ those with which the most 


economieal aren for th ‘urrent must be multiplied to obtain the 


Most eccnonhienl ares Lor a varying current 
i table constructed under the direction of Professor Forbes, 
by the writer, il want fn approsininte quick determinations, nud ea B 
bed for any cost uf power of copper. 
‘For example: What would be the most economiteal density of current for 
a line, with copper at 14 cents per pound, and power costing 18 doar pt 
\irae-power per win 
‘Sfultiply tile constant difference, 0106 in colunsn A, by the cont of power, 
19 -0W62=- 7718, and divide this Teeale By the Cost Of oper tn coker, 


or HE gst. 
Now look in column fof differences for the nearest number to this result. 
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6, When a plant ie Installed for more or lose temporary works it faof 
course, policy to make the first cost a minimum ; and again, In maby places, 
‘and porhaps in most places, 1¢ is Impossible. to predeteniine the cost of 
weer per unit, orsuniber of Nous it Will be Recemaary to Ful oF the i- 
er of hours of heavy and of light lond, and many other {tems necessary to 
De'kuown fn andor to determing and calculate the mort economical form of 
tal. 

i cases It Is often necessary to feel one’s way by installing a plant of 
low cost until the market is developed or ite direction determined, after 
pet ja much easter to Tay out w piant that will produce the moet econom: 














Sprague says that the least cost of plant is determined when the variation 
n the coxt of the generator Ix equal to that in the cost of the line ; which is 
practically true, provided the cost of motors and generators per horse-power 
br unit enpacity’is the same. Sprague then develops the following law :— 








“ With fixed conditions of cost and of efficiency of apparatus, the number 
of volts fall to get the minimum cost of plant; Is a function of distance 
‘Alone, aud ix Independent of the E.MLF. used at the motor. 

With any xed couple and commercial effielency, the cost of the wire 
Pours definite and dxod ratio Co the cost of the generating plant.” 

“fhe cost of the wire Varies directly with the cost of the generating 

nt. 
IE we do not limit ourselves in the E.MLB, used, the eost per horse-power 
delivered exclusive of line erection is, for least cost and for a given commer- 

‘efliciency, absolutely independent of the distance.’ 


Withont going into the deta; if we work out problems based on the above 
the result shows that the iaw first stated by Professor Forbes, ie. that 
"Al dection of conductor ig Independent of the distance 
ropertional to the current,” is correct, 
re Following law :— 


























“For minimum initial cost of plant, amd assuming certain prices pet 
horsespower of motort aud generators’ and power. plant (all erected and 
rely for operacion), ad aadiming a certain Brice pet pound for copper (de 
Iivered at the poles, the total cost of the plant, excluding line construction, 
i'w constant for a certain efficiency of the electric system, no matter what 
the E.ACE of tho motor and the distance may be.” 

‘kiven efficiency of the electric system, the E.MLF. of the motor and 
ctigtanice Will inereate and decrease in the sare ratio.” 














In designing for the accomplishment of the best service, series circuits 
be economically laid ont under some of the previous rules; but in de- 
ng circuits for parallel distribution, they must be arranged for furnish: 
ing a constant and unvarying pressure at the lamps or motors of the 
customer, regardless of the cust of conductors ; and thereforegervice require. 
ments and not minimum first cost govern, as no eervice will be a paying 
investment that has not a uniform pressure and is not continuous in ite 
character, 
‘Parallel distribution is fully treated in another chapter. 












8. Ibis the attempt of all engineers to attain a maximum income from a 
minimum first cost of plant. 
If power is cheap and traiisportation costly, it is better to construct plant 
auler Section 3. "In some cases, though, 40 ‘much of the station capacity 
tors as to leave little from which an ineome 
creasing. the earrying eapaelty of the conductors 
Somewhat, provided it did not cost too mitch to accommodate the extra 
machinery, would enable a paying income to be made 
In onier to determine the proper relation of line to station and plant, itis 
noceaniry ty study the pronpoctive loada.” If treet lighting by serie as 
to be oue of the sources of income, then a study of the houre of lghting 
Inust be mado, and all the data as to number of hours burning, etc., will be 
Tound in the chapter on igliting schedules, 
For parallel and other methods of distribution, it will be necessary for 
gome one acquainted with the system to make the necessary examination of 
ihe territory, and deteruine from its nature the probable \oed-curves. 
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CALCULATION OF THE SIZE OF CONDUCTORS 
FOR CONTINUOUS CURRENTS. 


Parallel distribution: — 
‘Reslatance of one mil-foot pure copper at 0° (=9.£9 ohms; 
‘Temp. coefficient for 70° F. = Last 
‘Resistance of 1 mll-foot of pure copper at 70° F. = 10.995 obm 
‘copper wire at 70° F.= 10.81 ohms; 


474940 4% 
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Kesiatance of a copper wire conductor Is then equal to 
Length tn feet x 10.81_ 
a 
fand the cross-aection in eireular mils or 
+ _ Length in feet x 10.81 
tia Realutance ® 





‘R. ohms, 0} 








For lamps 


Let w= watts per candle-power ; 
then candle-power x o= watts per lamp, 
and if = voltage, or P.D. of eireui 





W 
then 
A voltage at which lamps aro to be run is usually assumed, and a drop or 
Joss of presoure of a certain percentage of this, determined on, and all wiring 
{n-caletlated with those paints ta Gata. Fer instance, the’ most commot 
voltage is 110 or thereabouts, and 6% drop, oF 6.5 volte, is commonly assumed 
4s the lons in proseure; then the size of wire to produce this drop, with & 
given pumber Of lamps, N, taking, say, Z amperes will be 
1081 x2 distance XT _ yi, 
Teen g = dint, or croular mils of copper. @) 
For example: 120 lampe taking 5 amp. ench aro to be wired at s distance 
‘of ob feet from the dynamo to the centre of distribution, at m drop of Sols, 


sn, BALX2X EO aMDe soy ie mila or No. CB. and 8. 


If the hot resistance of one lamp be given, and the number of lampe and 
distance, with the percentage of Toss, then 

10.81 x 2 distance x no. of lamps @ 
“Kesistance of one lamp 
Example :— Take the same cate as above: 120 lamps; distance 60 feet; 
drop in titeuit, 395 hot resistance of lamp, 200 ohms, 


10.81 x 2 x OY x 120 ,, 100 
x x 2 = oot cir. mils, 





‘current in amperes per lamp. 

















cir. ails 





‘Then, 

For motors :— 
1 Blectrie horse-power: 
therefore, horse-power X 7: 
‘And watts + volts = amperes, 
Let E=volts at terminals of motor. 


E-+0=E.MEF. at gonerator terminals 
‘T= current required at motor to deliver W mechantcal h.p. at shaft 
‘of motor. 

single distance between motor and generator. 
number of mechanical b.p. delivered at motor shaft, 
Area of cross-section of conductor in cir. mils. 
conductor resistance both ways 
Weight in pounds of conductor copper 
‘commercial efficiency of motor. 
‘commercial efficiency of generator, 
‘commercial efficiency of whole system. 
c% =per cent of energy lost in conductor 

‘all @ oxpresved ae a decimal, as, 90 % 
































rueu, 2 = deta howe power dlivred tmitor trina 
ew 

and T= Fyn = POPC. o 

By formula No, 1, R= 22108! — reaistance of conductor both ways 
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For other frequencies, Emmet gives the following table :— 
Product of Cir. Mils 


by Cycles per sec. zach 
10,000,000 1.00 
20,000,000 101 
30,000,000 1.03 
‘40,000,000 105 
50,000,000 108 
{60,000,000 130 
70,000,000 113 
80,000,000 fata 
90,000,000 120 
100,000,000 135 
135,000,000 134 
150,000,000 143 


Factors in the above table multiplied by the resistance in ohms will give 
the resistance of cireular copper comtuctors to alternating currents, 

‘of Nelf-induction. — Owing to the periodic variations of 
alternating-current eltcuits, a counter BMF. Is eet up, which 
ioexnotcoineide with the current, and which is not continuous, but periodic; 
find, owing to the fact that such E.M.F. is the strongest when the current it 
increasing or decrensing most rapidly, the counter M.-F. differs in phase 
with the current by 90°. 

Ii there he no inductive effect in a circuit (without considering anything 
‘clio at present), the current produced by an impressed HMI. would be it 
phane, and the watts, would’ be, ae in direct currents, the product of the 
EINGE, and eurrent. Taking Into account the inductive effect, the current 
in never In phase With the hmpressed HM-F., and the watte are therefore 
never equal to tho product of the two, but are lees, according to the angle 
‘of plinse difference ; and if they could be In quadrature, the product would 


be nero. 
The E.M.F. impressed on the circuit may be 
said to be inade up of two componente, one in 




















wot—12. phase with the current, ax in direct currents, 
fi Rhyne“ 'gaadeacar wit ee shoes 

—t 2° below ina right-angle triangle. 
Tracmeceaevet. “Counter of inductive BALE, varies with the 





io. 2 frequency of alternations: but if the out gol 
And returning wires are eloge together, there it 
little induetion ; if wound in-a coll, the selfinduetiont ie wiueh acreage, 
ind if an iton core he Introrluced into the coll, te lax ie very much it 
ane, anid therefore the self-induction. 
Impedance. —In 4 piain, alteruating-current circuit without fron, the 
aun to A given HME. will depend upon a resistance ‘which is the 
‘nt of two eomponenta: ite resistance ak ia 
firect current, and lin Inductive resistances OF 
ceurront divided lito the inducfice Ball. 
‘Thewe two components are compounded at right 
angles, and the renltant ts called impedance, and 
“ti he Taprewented by the sane triwngte ne was 
feed to ilinmteate: the wo BAM Few sand thelr Fro. 3, 
Pouultant, 
‘impedance nlso varien with the rate of alternations the eame as does the 
eoutiter or inductive EAM. 

If we have a eireuit including a number of parts 
in erien onc having» diferent angle of age and 
represented aa below by different triangles Joined 
together Je will be'sean that the sum of all the 
ESLESE inground uo the parte oF impetancee 

greater than the EMF. Impressed hpon the 
whole cireuit : and inorder to afrive at the latter 
‘Yalue, It ie Necersary to lay out ench ‘case oper 
Tately,ail the horizontal lings Fepresenting energy 






































AD=1.30hme. 





fo impedances, connected in parallel, have such values as to give a 
Llfference of 90°, i.0., are at right angles with ench other, their Forult- 
int rang cag be found by consrraitng a ght, 





Anglo triangle, wliose adjacent sides represent 

? fnGirection sid length the values of tie bro 

impedances in parallel. Join. the two ends, 

fand’a line drain from. dhe hypothenuce 4 

Fight angles and meeting the others at thelt 

Junction, will bo equal torand in the direction 

4 ot the reruitant value, = 

‘ac and cr are two impedances in parallel, 

ae swith adifferenee in phase of 905 then od equals 
ction and in length the resultant of the two, 

tacity ffects:— A condenser connected in multiple across the 

Stan d.clroult in charged as the E-M.. 

abd discharged as the E-MLF. faile, thus 

ing EMF. to the line just at the time 

her inductive JEM. is opposing the line 

mand both ean’ bé so arranged ‘a to nee 

‘cach other, or enough capacity ean be 

ced to cause a negative lag-angle, aashown 
following figure, 

nacondenser or line having capacity is 

ted ton alternating ELM.F. current will 

fo Mil the eapactty, equal to. x (°x w, 

Hin the MCE che capaciy fi fara an 

stita line has a capacity of mlcro-farade, 2000 volts, 














2s %8 
Amperes I= pp 5 X 200 X 30 x 6.28 = 1.1904. 





‘a condenser may be sald to have a reactance of 
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Power Pactors and Induction Factors for Different 
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Baste of Table. 
v5 [& @ at] self-ind. tn C.G.3. units for loop a.b. (per em.) 








ast 
ar = 00658 [2:0 Top (2) + 28] stm bene. 
Induetive drop in loop ab = Las x 2" x fx I 





d = distance between wires (inch). 
‘radius of wire (inch). 

gil of cireult fn ates. 

Gkirond in one wire. 


For self-industfon of one wire divide Les by V3, 
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Unductive Resistance of Two Parallel Insulated Wires. 
FREQUENCY 100, 





Interaxial Distance. 


pam (POF Le] a ee 
B.£8 Ooms | Ohme | Ohme | Ohme | Onme | Ome | Obme | Ohme 


db te} ree soke, | ofte, |, | Be |e, 


dist. | dist. | dist. | dist.”| dist. dist. 











189 | 213 


Semnanennnc8Een 














CAPACITY OF CONDUCTO! 


‘The following formulm haye been developed by.examination of the best 
authorities. 


Table 1,—Capacity of Insulated Lead-Protected Cables. 


A=npecifc inductive capacity of insulating material. See page 975 for 
Kable, 

D= diameter of cable outside of insulation. 

‘d= diameter of conductor. 





000,000,241 5. 
D 
log 5 
000,000,613,4. 


Microfarads per centimeter length, 


‘Microfarads per inch length, 


Microfarads per foot length, 


‘Microfarads per 1,000 feet length, 


‘Microfarads per mile length, 








‘Microfarads per inch length, 
‘Microfarads per foot length, 
Microfarads per 1,000 feet iength, 
‘Microfarads per mile length, 


Capacities per 1,000 ft. of Copper Circuit, 2 Wires. 
ARRIAL. -MICKOFARADS, 











Teen 
a | wrain,| yr aia.| rain] Bands: | on | w | 0 





00936 | .00815 | .o0ss2 | 0068 | 00631 | 00605 | 00581 
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Capacitice per 1,000 ft. of Copper Cironit. 2 Wires. 















(Continued) 
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‘apacity and Aelf-Induction to Balance 
Cireuita. Microfarads, or Hen: 





A.C. CREHORE, 
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‘Whore 1.= couflent of wef induction, 
Sapacity. 
‘lerofarads, 
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ineleetro-statle unlta per em. of circuit, 
Ca ato L 
= =m 
sir (6) 
‘in micro-farads between one wire and neutral point for Z miles of circuit. 
Charging current per wit Exe etext 
‘3 x 
distance between wires (Inch), = E.M.F. between wires. 
= radius of wire (inch). cycles per second, 
13 length of elroult in miles, ity in M.-F. between one wire 
4 fand neutral point. 
Charging current three-phase = 47. (= 15.5%) x charging current single: 


plus for same d, 1, L, and EB. 
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CHARGING CURRENT PER MILE OF CERCUI 
‘Two PARALLEL WinES, 


Lane E.M.F.=10,000 Vouta; Frequency =60 P.P. 





Stanley Electric Manufacturing Co., Pittsfield, Mase. 
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Line ELF. 
rrequency. 
‘Capacity per aulle of line in MF. 
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IMPEDANCE AND REACTANCE OF ALTERN 
NG CURRENT CERCUITS. 












By Steinmetz. 
Let = Tetiatance in ohms. 
impedance. 
E=power EMF. 
c= Inpresed £31.F. 
L 
Then 





In circuits containing Resistance and Emductance, 
Impedance, Z,= ViP-F LF 0%, 


and es VE FPS 
or diagrammatically, 





Circuita containing Meststance and Capacity. 
Impedance, 2.= Viv} Py 

















a 
ande= Ving 2, 
ts 
F] > 
i Ta «&B 
aye af ! 
ih aS 
Fro. 1, 





Circuits containing Resistance, Inductance, and Capacity. 





Vie+ (to 





Tto-ds) 








a) 9.017 ard 2.570 2 





IMPEDANCE AND REACTANCE. 1 


‘Impedance Factors, — Continued. 














a88 | 328 
B%e | 6% 
Frequency f= 
You; 1.0005 | 1.0070 | 1.0087 
‘on 0006 | 1004s | 158 
Sie! Loos | Les | 1008 
boul 0018 | Loot | 10a, 





2.474 
Spd) cso | Taig | prt 
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30, 
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13 
131 
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Ltrue drop in line, multiply ohmic drop by factors in these tabl 
eter in inches, Gauge Brown & Sharp. 


sdance Determinations for Three-phase Circuits. 
Fthe phases of a three-phase ciroult differ 120 although eeldc 
bin practice. This phase difference affects each wire as if it b 
ten wire in place of two; and in calculating the Inductive effec 
emust be treated as if had a return wire in the position of one 
Pewo, that is, the three wires may be treated aa if'each Was a se] 
tit having no return wire. 

Or Quarter-phase Clreulta, — As used at Niagara, the t 
reaeparate, and all mduetive determinations can be made’ ff 1 
rrate and adjacent circuits. 
al Induction of Circuits. — When two alternating-curre 
are carried close together, and especially if the adjacent wires 
‘circuits lie near together as compared to the two wires of the c 
re ls apt to be an interference or mutual induction of one curre 
ther, ubless measures are taken to prevent it. Itin caused byt 

her of Lines of force from the two circuits, and miust be co 
{for by so arranging the relative positions of the circutts that 
ter point on the line an equal number of lines will be interlinked 
tite direction, and thus neutralize each other. 
alternating efreuits were first erected, It was customary to place 
hand wires of the elreuit on one eldedf a pole, and all the leftsha 
the other ; and most commonly the two outside wires were of ¢ 
henoxt two inside the next circuit, and so on. 
Ty places where this method was uled, and the distances great a 
Rehnighs it was soon found that incandescent lamps fluctuated 
‘eriodle’ manner, which was firet laid to engine fy-wheels and t 
Jaded engines. Of course, this was soon found to be au error, 
dvered, and the conductors rearranged. 
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‘The effect is caused by one circuit acting as a secondary to the other ; and 
if tho cycles are similar, the mutual induction will tend to increase the 
drop in one cireuit and diuiniyh it in the other. If, however, the cycles are 
not alike, the potential will rise and fall periodically when ‘the maximum 

colelde, oF the tops of the waves come into step at the same 
Hott! conditions are annoying, wud under certain particular 
ents ire capable of producing damaging results. 
11 induetion, or rather its evil effects, ean be overcome by arranging 
irs In stich relative positions as to make the ux from one part 
ireuit counteract that in another part, ax shown in the following 






















ies are not very long, and potentials not too high, so as to induce bad 
effects from static 'y, It will be sufficient to place both wires of « «i 
cuit neur together as compared with the distance between adjacent circuits. 


Arrangement of Lines for no Mutual Induction. 








afis ets oaths 
aha Ky al 























Fra, 
‘The aboye change should be made so as te cover the entire distance, each 
logation of eireult being for one-quarter of the entire length. 


Magara Line, — The conductors on this line are bare cables of 19 
strands, equivalent to 350,000 circuit mils, and are arranged as shown In 
the following diagram, The first arrangement was with two three-wire clr- 
































Fig, 15, Niagara-Buffalo Line. 11000 to 22000 Volts. 


cuits on the upper erows-arm, the wires being 18 tnches apart. So mush 
frouble was experience’ fro short cireulty by wires and other material 
being thrown aerose the conductors, tiat the middie wire was lowered t 
tie Sotton eroasarn a show sities "which tne no trouble has beet 
experienced, With porcelaiu.ingulators tested to. 40000 volts there i me 
Sppreclable’ leakage, "These ctreulte are interchanged ata number of 
plite to avold Inductive effects, 





‘weed {nll its effects 
fapart, are about standard for press 











Fig, 17. Balanced Arrangement for ‘Three-phase Lines, 


arrangement lg pet}aps not so conventent for repair, but ieayimet- 
Ti all respect 
there be more ‘than one clroultof this balanced arrangement, and the 
fence of phase is enough so that interference is found, then one or 
[uffute Elreuite will bave to be changed us shown in the following 
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diagram (Fig. 18), the principle being to bring each of the three wires 
ong gireut ato the aaine relation with other streult for am equal Length 
or dis 





Biel A. sa gh Sh 88 
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Fia. 18 Arrangement of Three Three-phase Circuits, each Equilaterally 
Piaced.”'In this Arrangement there is no Effect from One Cireuit on 
nother. 














Fro. 19. 


‘Three-phase Circuit in Same Plane.—It is sometimes advan- 
tageous to place all the conductors on one eross-arm on the same level as 
inthe preceding diagram. In this case, if the load is heary enough 10 
cause interference between conductors, then two interchanges of wires 
should be made, dividing the circuit int three equal parts as shown. ‘Thi 
will being every wire into similar relations with all others, and the interfer 
ence will therefore be the same on all. In order that this balancing effect 
Should be correct along a line having branches, the reversals slould be 
made between all branches; for instance, between the dynamo and the 
Hrst branch there should be two reversals’ as shown, and between the first 
and second branches the reversals should be repeated, and s0 on. 














IMPEDANCE AND REACTANCE. 


Cireait are on same Plane, then thoy she 
SooL TESS Patwoon Points when Branches’ are’ attached, 








3. 21, Another Arrangement of Two-phase Cireuit. No Rever! 
‘Phases necessary. 


no-phase Four-wire Cireuite—The arrangement of « 
shown in Fig. 2 is probably the best for two-phase work, 
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pte ap tet dtd net oh al 











Fic. 22, 








o tn sere, and, thioy 
RATS A oe 


The iue may be used to deter 
actors volta ital tn tho line, und durtent por eouauetor 
Seats ditbuton. oe, 





Curront in main gonductore =" x 1 
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‘The following tablo gives the value of the principal practical units of resia- 
tance whichentted previous to the cetablishinentot the taternational Units 





5 INTERNATIONAL 
Usit eh 
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HARD-DRAWN COPPER TRLEGRAPH 
(Q- A. Roebling’s Bone Co.) 
Furnished in half-mile colls, either bare or insulated. 





Resistance in| Breaking 
sie. as, | Ohne? Weight per 


‘ i 
Gauge.” | peritil, | Sonnti. 





9 430 os Po 
10 540 4 168 
u 690 » iat 
B 870 = 108 
8 1030 270 3 
4 1370 213 C4 
B 1140 370 a 
16 2210 130 a 





In handling this wire the greatest oareshould be observed to avail 
Dinds, scratches, or cuts, Joints should be made only with Malate 
Rectors. 

‘On account of its conductivity being about five times that of Bx. 
tron Wire, and it breaking strength Over three times ita weight pe 
copper may be used of which the section is amailer and the weight 
Shrequivalent iron wire, allowing’s greater number of wires to beste 

oles 

‘Besides this advantage, the reduction of section materially decressa 
electrostatic capacity, while its non-magnetic character lessens the sl 
duction of the line, both of which features tend to increase the posi 
speed of signalling in telegraphing, and to give greater clearness of wai! 

fon over teleplione lines, especially those of great length. 














LEAD-ENCASED ANTI-INDUCTION TELEPHOM 
AND TELEGRAPH CABLES. 





(Roobling’s.) 
PLary Castes, Leap | For Merauuic For TELeanara 
'ENCASED: ‘cincurr, Cincurrs. 














No.of | _ Size Wire | No. of | _ Size Wire | No.of | _ Size Wie 
Wires. | B.&8.Gaugo.| Pairs. | B.&S.Gauge.| Wires. | B.&8.Geq 
4 18 5 18 3 4 
7 % 15 18 4 4 
10 8 2B 18 7 4 
0 18 50 8 0 4 
10 48 % 8 » rr 
» 4 
wm * 
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Specific eslstance 1 edule 
ne par Mall Hoe 


‘The above itor are for the metals seta, asd uo hin bi We. Re 
pee ea oe 


‘ables give apprutimale averages, 





GALVANIZED 1noN WIRE FOR TELEGRAPH 
AND TELEPMONE LUNES. 


(Prenton Iron Co.) 
ww Msle-Olims — This tori fs to be understood oo 
eee ania 


fel paras to eee a a 


the lle rosin of any iro, din Ue 
Fight of the wire penne. tae MW grade ent ea 
geht do woight yor wile ies ee ee “ 


SBA Weenie ion te: weigh Hebght por mitd, would show abou 


Pie thins a's Seta ack oa 














$0.4. Has not boon much used anil reeontly ; fs now wed on important 
w ‘eye mou etn 

NS ge Etats uved tt the Unit aia 

Rot) Used tot prtans etteie Vetican cites, 


Re S Median size for clreutla of 400 miles or tk 
(0,0. Poratmitar ovations eo No. 8, but on womewhat whortar olreultes 


ar te Ss SR A a er le 
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TA For telephone Hines, police and 
Sie ker: ee 
wou eniy tt ae 
‘The cantlng of tolograph wire ‘with xing ae x protection, ‘oxidation 
Ih now gonorntly adraltted to be the wumt eftewclove e 
oe 2 tine at an Kextra Hawt 
“ Batra Beat 
copa rake TAMAR 


per mln, bln about 0 i 

yor hm, showing Si mochauleal 
ene tho Beh. 1 but nok eo et eg 
pee raltechun 





Bie tine Fe Fee le So ona ae aa 


be 


dig vreight por mllcohun te about O60 1 
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joimta 4 Wires. —The fewer the joints ina line the 
peter ail ones ‘be carefully made and well aoldered over, for a 
ad joint may cause aa mach resistance to the eluetric current as several 


miles of wire. 


WEIGHT AND RESISTANCE OF GALVANIZED 
RON WIRE PER MILE. 











(Roebling) 
Weight IResistance!| Gauge. | Weight | Resistance. 
et Ohms || Bees. | pee | Ot 
” a6 2 
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PROPERTIES OF | 


AEZE, WEIGHT, LENGTM AND STRENGTIC OF 


renton [ron Co.) 
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Estimated 
Breaking 
Bare Strand, | Double Braid ‘Weight, 
520 a8 or a0 
420 510 a1 rn 
300 ced 488 Ba 
20 8 Bs 4540 
210 0 a 3300 
100 a 9 230 
130 mW 188 iba) 
100 18, 183 1300 
0 Zz a 180 
Co 6 105 ‘eo 
8 6 i 88 
2 « ot ea 
B 8 33 Bt 
” = a sh 
STRANDED WIRE CABLES. 
Everett) 
Ratio of area of copper to area of circular or available space 


copper area 
rallable ares, 
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‘If n= number of concentric layers around one central strqad, 
30pm) bd 
then Tepe = Ballo. 
‘Tho number of wires that will strand will be ie (s+ 1)-+1. 





copper area, 
‘Number of Strands. ees =a 





228354 
a 





She: ore. — The LY, of abi ‘wires having 
amnotsrsd, wifes wil cover 8 core havkag’& dlatneter, D, le 





DATA ON CABLES. 


Below ie given a tablo showing the actual otroalar malls the dame 
Inches, and the number and size of strands (wires) generally used 
manufacture of cables. 


(General Electric Company.) 





























Make w 
Actual | Diam. | eee 
Size of Cable. | Clrewlar Comet 
obit * 
8B.&s. 18,000 | 147 | 7 1B. &8. a: 
ems. | ao0 | 0 | 1 | BBB, 5 
6 | BBW. ; 
sp.&s. | 35,900 | oo | 1 | ieBwa.| mj 
6 | BBw.a. 
apes. | 490] 24 | 1 | BBwel|  w 
$ | BBw.a. 
apes. | 55900 | 2 | 1 | BBRR m 
6 | mes 
2B.&8. 70,600 295 1 1B. &8. a 
¢ | wmes. 
1B.&8. 80,275 325 | 19 16 B. W. = 
OB. & 8. 106,500 378 1 15 B. W. me 
6 2B. &8, 
n | BBW.G, 
OB. & S. 154,200 AB 1 2B. &B. o 
6 | npas. 
2 | BBs 
000 B. & S. 167,500 AB 6 1B. & 8, = 
4 | BB Wee, 
0000 B. & 8. 216,900 5a 1 10B. & 8. oe 
6 \ BEW.G. 
3 \ WR.ae, 
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oar tape 
‘snd move durable than rubber tubly 
thai icter tar Beld Toads ut He Re 
vail Rs the rubber bushings ta the moter frame, 40-23 
Wo 1039" dinette standard for armature leads Uf the 'GX-800, and | 
Teailenf the GE-1000 mators- ‘Theat eahies are also well adapted for lowlk 
for suspending neo lathpe. 


(General Bloetrlo Compans.) 





No. wires 
iivsteanl, 





és8es 
RERES 





Carried In stock. | 


STANDARD RUBBER COVERED WHITE CORE 
WIRES AND CAMLES. 
(Mada by General Bleetrie Company.) 
Kubber covered wit und cables are dnattated with two or mare 
rabber, the inier cont in all snes being (ree from: sulphur or other 


HHP eer ae a one ta Far Ue 


redline: tninion gabe furnished ae fellow = or 
poste toad jnokot. fad jacked proto by a douhle wenp of 
ou Jacket armotod with w epoetal steel kape, White minored, Tor subIArlN® 


Fox uso tn vondatin tho plain loud eovering Is tecommended, ov Uf 
aon Is capecially lo be fonred, (he lewd and asp) ‘For use wher 
ult Te Avallablo, ‘the bund steot urmored eable Is Dest 4s. It ) 
eentina witch would dosiroy a yumtiored See 
fa aididlon to the ordtuasy. gaivanonolor ‘wires and cabtos are | 
fested with au nitcrnuting eUerens (us, spelt Betore 
Are nls pared ae er con wire REMOFEE 
‘clreuita, as the conditions and requirements of the wolght 
Met pale het Mat them, jnayt ioe for ‘quorailone ou there 
‘etnte the length and vise of onblo, depth af water, ohurnoter of 
Sop ans, ourrent, Ih order that & proper weight of armor my be selected. 
Exblan following give Tat rica, dimensions, Mraiation rei 
ié, test preasnre, and break-down pressure onall ‘of Wire 
andinary ee.” Wor underground aid aubivaelive work 1% te t 
that eabler be not worked at move than one-half the prowure 


uy temted. Ht wit uslen Ausuloters ba 
Ba Sirsa raceme ones 


fablos will bo leavted necording to the table given below, wnloss othorwie 
sapuclted,” Cables with nny thickness a hsv corinne 
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CABLES. 


‘Table of Resistances und Dinmetors.— Continued. 


WHITE CORE RUBBER INSULATED WIRES AND 
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(General Electric Company.) 
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‘Taiekness of Rubber. 





Voutage Teet Pressare, 





Minin ‘ Pp 
ESE ESE) om 
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Bize Conductor. 














18 B. & 8. Solid, 





CORE RUBBER INSULATED WIRES AND CABLES. 


WHITE 


‘Tavle of Weights und Prices. — Continued. 


(General Electric Company.) 




















reggeEs 
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SPECIAL FINISHES, 16 
satires stn ge see tr rer te Bn 


1 Platu lead cover over the rubber. 

4, Lead cover with jute and asphalt over the load. 

‘4.1, “Lead cover, jute and asphalt and band iron armored. 
sities eet arora eaters haces 


Sharing fee tke and asphalt over the load, and wir 
over 
Jem addition to the above special finahes can also B 


Sipegsieate aes gf able» Daring special lah, add to th 









































‘the cable the aa given below. 
SPECIAL FINISHES. 
(General Electric Company.) 
[em ©. teks OAT 
Approx. List price aaa st price APECE:| List price 
eB toot] 1 Het | sae 100 fot. |B Zoar| sob eat 
157 $30.00 2 $60.00 tee vee 
xo | so | om | eso 
wn | sm | om | caso 
as | sro | a | 050 
zz | sss | os | a0 | . bei 
as | so | 45 | a5 | . ‘ 
se | sro | om | onso | tam | sisas0 
| sor | sooo | 0 | szao | tm | sr80 
aa | soo | se | 100 | 120 | sn650 
4338 | woo | 50 | 1ms0 | 120 | 2120 
43 | wo | os | iso | 15 | smo 
4x8 | 50 | os | sso | 120 | sxrs0 
so | wo | on | uo | 147 | 2000 
vez | 70 | wi | 12500 | 1806 | 250 
eo | «so | a | 0 | i616 | 25550 
es | wo | a | i200 | 191 | 29400 
ate | aso | 132 | 15000 | 2408 | 50.00 
1194 us3.00 | 1442 209.50 | 2,632. cay 
aie | ws00 | 1089 200.50 | 9,682, AS 
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Diamoty Ce Ley ha. i OLAL q 
"Gans. | Wait “an | Ps | sein) PS 1 
sob fect| 1000 f00t. | secB feet] 1000 £008. | rogP Foot | 

so | tas | seos0 | 11s | aiaoo | are 

oo | 1,317 157.00 | 1,588 saeco | seer | cum 
250 1,423 179.50, 1707 1.50 30m rc } 
1,000 1,482 186.50 1m 20.00 3,18 cf 
1.06 1,556 190.00 180 150 3368 

11 | soa | son00 | sou | serzo | ager | on 
1.15 1,705 21000 | 2000 | sro | 3am 

12 1,795 220.00 2,181 ‘1.50 3967 

1.5 1,854 25.50 2,901 908.50, 4,008 ome) 
1s | 1960 | 20750 | 29m | sug> | 4am | om 
1.35 2,018 240,00, 2,303 ‘317.50 +400 ann 
14 2,861 330.00 3,267 415.00 5 Ald 

145 2,989 348.00, 3,410 432.50 5,639 Tom 
15 3,008 sco00 | 3432 4450 | 5,60 | 75m 
16 3,362 378.00 3717 470.00 6,007 coy) 
at 3,400 e250 | 3872 | 488.00 oe 
re | so | 41630 | aus | susso | ooo | oom 
19 | zm | 9600 | 4900 | exe0 a 
2 3,988 457.50 4529 563.00 1315 6D 























pp ailing cables a tape ie used over the rubber in place of the regular 
'For thickness of lead used on above finishes, see page 160. If other thick 
nesses than these are desired, special prices will be quoted upon 


PAPER INSULATED AND LEADED WIRES ANB 
caDues. 
oes fo us erin sti en oct et 
with the fibrous covering depend for their successful operation and mainte- 
ture bythe lead sheath; and this fact 
raisins ia tree cestthee® ie ea 
dieu) onda nn entre eet se 
covering over the lead ie strongly regommensed on aX thin cane 
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faasmuch ns the life of the cable is absolutely Sopendent, WOR tak RS 
dead. Pape ailntad cabicnsannot be Fuss winso ARC 








WIRES AND CABLES, 


{ -soqoay 
snwmtoy pu | =: 
ang 1040 | 


12,500 Volts. 


avenday pow | | 
aqnp wean | 
eee y 


poor soar |B 
roar | 


‘somonry 


10.000 Volts. 


Fi Robe aie man 


poe" 
SSO 


wuToBoIy | 
oat 88 
eres 
| -soqouy 





souour | 
“peorT 3949, 
29990 


ano 


UK 0d 
ome sso st 





st Pressure, 
Bize Conductor, 
















(General Electric Company.) 


Table of Weights and Prices. 


PAPER INSULATED LEADED WIRES AND CABLES. 
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TELEPHONE CABLES, 16 


‘3WELEPHONE CABLES, 
@y John A. Roobling’s Son's Co.) 


ad-emensed for Underground or Acrial Use. 


of these cables is diy poner, Tho company, manate 

8. . & §.,G,, and 22 B.& 8. G. 
he age for which they are intended: ‘the must common al 
-@. "They also supply terminals and hangers. 


Specifications for Tel: 1° Cables, 


1. Coxpucrors. 
Mductor shall be .0358 inches in diameter (19 B. &8.G.), an 
luctivity of 98 per cent. of that of pure soft copper 

2. Cone. 


luctor shall be insulated, twisted in paira the length of the twit 
ted three inches, and formed into a core arranged in revere 











3. SHEATH. 
shall be enclosed in a pipe composed of lead and tin, the amour 
shall be not less than 27 per cent. The pipe shall be forme 
score, and shall be free from holes or other defects, and of un 
‘sness and composition. 

4. Evectrostatic Capacity. 
rage electrostatic capacity shall not exceed .080 of a microfara 
each wire boing measured against all the rest, and the sheat 
the electrostatic capacity ny wires so measured shall nc 
Sof a microfarad per mile. 

5. INSULATION RESIBTANCE. 
ire shall show an insulation of not less than 500 megohms p< 
¥¥., when laid, spliced, and connected to terminal ready for use 
‘being measured against all the rest and sheath grounded. 


6. Coxpucton Rusisraxcr. 


inductor shall havo a resistance of not more than 47 B. A. chm 
for each mile of cable, after the cable is laid, and connected to tr 








TELEPHONE CABLES, 
By Jobn A. Roebling's Son's Co. 





‘Woights 1000 feet. 


‘aber jules} Outside diameters. nts 10 


Inches. 
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TELEGRAPH CABLES. 
By John A. Roebling’s Son's Co. 
Lead-encased for Underground Use. 
‘These cables are made of either rubber, cotton, or paper insulation, 
sizes and welghts are epproximately cortect for rubbe and cotian fe 


tion, Both slzes and weights aro slightly reduced for paper insulation 
all cases the cables are lead-encased. 


Specifications for Telegraph Cables. 
1, Coxpuctons. 


Each conductor shall be .0¢4 inches in diameter (14 B. & 8. G.), and 
a conductivity of 98 per cent of that of pure copper. 
2. Cone. 

‘Tho conductors shall be insulated to 4 with cotton, and formed 
core arranged in reverse layers. This core shall be dried, and satt 
‘with approved insulating compound. 

3. SHEATH. 


‘Tho core shall be enclosed in a pipo composed. of load and tin, 
amount of tin shall not be less than 2.8 per cent. “The pipe shall bef 
F defects, and o 





around the core, and shall be free from holes or othe: 
form thiekness and composition. 


4. IsauLAtion REstsTaNor. 
‘The wire shall show an insulation of not lees than 300 
at a F wht lat opitced and connected ts terminate Feely for bo 
tire beiig measured agains all the rest and the sheath grounded. 
5. CoNDUCTOR RESISTANCE. 


Each conductor shall havo a resistance of not more than 28 Interna 
‘ohms, at 6° F., for each milo of cable, after the cable is laid, and cont 
up to the terminals, 


TELYGRAPH CABLES, 


TELEGRAPH CABLES. 
By John . Roobling’s Son's Co. 
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AERIAL CABLE 
By John A. Roobling’s Son's Co. 


‘There cables are made from double-coated rubber wire, tap: 
standing, the cable is double-taped, and covered with tarred jute, « 
sang Soe ably donb spot. sod conrad yh apr fg 
Tila outside covering protects tho rubber from the action of t 
Hil cutee covering protgts the cupber from the ecto off 
wire is used which w) ui ard fally bapeps aier sorts The result 
roid when 7a nt Fol seat m rater fox “The reult 
ene ra wader are eel ar 7 ale ine i there 
Teg ae Fig ocd see ot Nelegrapite wore 
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WHITE CORE RUBBER INSULATED WIRES AND CABLES. 
‘Table of Resistances und Diameters. — Continued, 





PROPERTIES OF CONDUCTORS, 
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16 B. &S, Stranded 
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WHITE CORK RUBNER INSULATED WIRES AND CARLER 
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| OL 50.00, bok 87.00, 1162 
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a 498 Ta on Ln 4s70 27M) 
co) tot TN 7,0 17 2,00 
ara Woah Be be ters 
ol Del dee (dg ere oe He 
Bel aeil|cseay | besed cee | sevice 
0 4108 1H 1,962, 199.00, 2,493, 369.00 
a 114 52.00 4A 209.50 2,092 SAW 
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PROPERTIES OF CONDUCTORS. 


SPECIAL FUNISHES— Continued. 

















Diameter| bia ons 
2 
“Cutts ‘Wee Mp grce Pee vege APRene | List price 
100 fect. et | 100) foot 1000 fet. | toot) 1000 foot 
80 | 1258 | 16050 | spi6 | a100 | 272 | soaso 
900 | xsi7 | 16700 | 1583 | 226co | 2e7 | 411.20 
250 | 1423 | 17950 | 1707 | oso | 302 | 453.00 
1.00 | 3982 | 1860 | 4,773 | 249.00 | 3,132 | 447.00 
105 | 1056 | 19000 | 1,800 | 257.50 | 3263 | 461.00 
4a xen | 20.00 | 1046 | 26750 | 3997 | 47700 
115 | 4,705 | 21000 | 2000 | 27750 | 38m | ss0.00 
12 175 | 00 | 21st | 29150 | 3967 | 659.00 
125 | 3,854 | 25.50 | 2m | 298.50 | 4,008 | 72.0 
13 1969 | ss750 | 2,92 | sis00 | 420 | 505.50 
195 | 2018 | moo | 2% | si7so | 4400 | amo 
14 291 | ss000 | 3257 | 415.00 | 5419 | 724.00 
145 | 298 | 24800 | 3410 | 45250 | 6,6 | 75020 
15 3008 | s000 | saz | 40450 | so | 755.00 
16 sae | sze00 | 3z7 | 47000 | 6007 | s10m 
aa 3400 | 30250 | 372 | 488.00 | 6535 | s2720 
18 se | 41650 | 4413 | 51550 | com | se200 
19 32 | 496.00 | 4,900 | 53800 | 6967 | 90550 
2 3988 | aszs0 | 4520 | 563.00 | 7.315 | 945.00 























plpseeding cables a tape fs sed over the rubber in place of the regular 


PFRor thicknese of lead used on above finishes, see page 100. If other thlek- 
nesses than these are desired, special prices will be quoted upon application, 


PAPER INSULATED AND LEADED WIRES AND 


‘There will be found on the followit 


CABLES. 


of paper Insulated and lead covered wires and cables. 
with the fibrous covering depend for their successful operation and mainte 

sheath ; and this fact 
should conatantly be borne in mind in handling this class of cables, conse- 
uontly the lead om these cables isextra heavy. ‘The vast {née and asphalt 





‘over the lead i 
ag the Ufe of the cable ts absolutely dependent 
Paper insulated cables cannot be £1 


n the exclusion of moisture by the lead 





trongly 


recommenced on. 


pages data and 





ices of a full line 


11 cables insulated 


‘all tate class, 
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AERIAL CABLES. 
By John A. Roebling'’s Son's Co. 

‘These cables are made from double-coated rubber wire, taped. After 
song aie ap aponre ted ag oar eh 
eo eaPlg I dete ate aParciad CHE tethorpeeel coupons 
Sra ne ce tha taber fen the acee of the a ad 
Freee ne nate epntite wifes nce teteed ia water ahd RO 
see iy HA oss ou water tnt Eh renew cae 
re i eee dar water at wells on toe ie, teas We Goes 
of injury. The ordinary size for telegraphic B. ES. 

CEE, Sace wire ca Ba placed iE ne Yo SY 
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172 PROPERTIKA OF CONDUCTORS, 


Specifications fer 14 B. & S. Acrtal Cable. 


1. Ooxpucrons. 

Each conductor shall be .064 inches in diameter (14 B, &8, @) 

1 conductivity of be per cent of that of pure copper. Ny 
2 Cone. 

‘The conductors shall be insulated to yy with rubber and tape, and 
into a core arranged in reverse layers. 

3. PROTRorive CovERING. 

‘The core shall be covered with two wraps of friction tape and one 
tarred jute. Over this there shall bea braid saturated with 
eompound, 

4. INSULATION REsisrance, 

Each wire shall show an ingalation resistance of not less than 38 

ohms per mile, at @ ¥, after being immersed in water 2¢ hours. Ti 


shall be mado on the ore after all the conduetors are laid up, 
the outside coverings are put on. 





ohms,at 6° F., for each mile of cable. 


AERIAL CABLES. 
By John A. Roobling’s Son's Co. 


Mubber Insulation. 














1B. 88.6. 108. 88.0, 
| snmulatea'io's. | samulsieato a 
7 = 3 
58 2 ee E ae 
22 /232| 28 | gee | 28 
Be | 352] Se | 282 | #8 
i 638 BS 658 ES 
2 12 2 
H 1 i 
H \ Bs i is 
& a 
1 * 
o) P| of = 
Ie 465 oy 8 
B ts | 1 on 
oa 1 le mw 
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SUBMARINE CABLES. 
‘By John A, Rosbling’s Son's Co. 














Armor wires. ‘Total weights. Pounds. 

Number | Numbers, 

Spamiber | Nambers. / 1,000 feet, Mile, 
2 8 1,250 6,600 
6 8 V2 9,002 
rr 8 21363 wart 
36 6 208 14,752 
16 6 2,968 15,071 
16 4 Sim 20,180 
16 4 3972 mgr 
1B 3 5408 28533 








Tee core consists of 7x 20 B. & 8. tinned copper, wire, ingulated with 
ribber to 4 of ar inch, Inid up with proper jute beading. 
Telegraph cables can be supplied with gutta-percha insulation. This is 
tue best fasulation for submarine work, and itt reliability and durability 
ire‘than make up the dieronc in cost Between it and any oer Inula 
tions 
. 
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ALUmExem 
(irae pet by ted TB ped ae 


est 
cera eee iting 


mS nolated to 100% cond, coppers 









pure: 
pure 


Apprcxinalacweight per mile of alumitaum wi 008827 > alr, mia, 
Aluminum for Electrical Conductors. 
(From paper by Alfred E. Hant, 8, 5.) 


aiven, volume of copper iil or 3.89 timag hear 
enn lat nin inane 8 bt 


eas ft sgt tna Wi fee 


on the Factor 3562, or 46,0 cents Dor pound. 


: Srlew of ang, meric nk amet, wou anil mel tt 
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PS tothete relative cost for electrical sondustors of 
aluminum atsentyni cote per pou ete aot coh 
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Tope go ah Hiystrat, a atu cond ere 
Cabout one-tenth of in 
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tated on the base of Dr. Matthiessen’ standard, vit: Amite of 
spoon wire of off neh diameter equals 13.59 ohins at 1S ©. Ot 





178 PROPERTIES OF CONDUCTORS. 
Care im Erecting Aluminum Lines. 


‘The fact that the wire will permanently elongate if seriously strained, 
ulkes Itecessary to te the utmost care in the erection of Tin 
the iknown high cdelictent of expansion with temperature changos tafen fh 
conjunction with this property renders care in line stringing especially im. 
portant and diffeult. 

The following table has been gotten out by the Pittsburg Reduction 
Company, after exhaustive experiiwents, i 








Table of Deflections and Tensions 


X = Deflection In inchos at center of span. 
‘S = Factor, which smultiply by weight of foot of wire to obtain tension, 
Maximuin Load = 16,000 per square inch. 


(Trans. A. I.E. E,) 


=— | — a 
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wv | raw | 4 
soo | 12040 | ay | 2083 | 74 | 470 |10} | 3202 
x20 | s2040 | 1p | 2800 | 3 | 1708 195 | 400 fang | 2201 fxz4 | 2220 | op 
ao | xg040 | 2p | 3088 any | os40 (245 | r78e [399 | ase foxy 
ars | ragan | 3g | 04s |p ] asta [arg | oto long | 1922 losy 

veo | 48 | 4200 14 | 27 amy | ou foes | ae ane 

tae | oe oo 0° 90° 
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so | x0 [14a | cao fist | 580 ros | oss [x79 | ser [183 | coe |i) 
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120 | 1002 jong | 946 |o2g | 6 Jose | ans fang | 02 Jorg | 755 [208 
0} 1285 Jaap | 117 [294 | 1000 j30g | 1090 |s23 | 967 joey | 991 |s0g 
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180 PROPERTIES OF CONDUCTORS, 
ind bate will be of 2 per 
ES Na ae Ripe a 
Bho aren. oer 2a tie bans the alumina con- 
al oe 
non ase Tensile strength, the equal conductivity nee eB 


Riche doch ai Menteenth of Bt 
peer earcaa et ar 5 Se cee 


‘apaCenlly ss heavy nt toute of enna wire sections, 
fothat ne o-ceton an i i oes ‘hut probably be found to the use of Rho 
greet ocala Ing only 18 pee cont of the and on agcount 


GENMAN SULVER, 





German silver in most extensively used for reiatances. 
A oubie toot weighs about 890 Iba; ifle gravity, 25, 
Gattpoiion | cont, etn inch parte niche, differen pr 
Spec lo Eestetaiee, 2 baited times copper, 
Tomperature vaciations for 7 6. O44; trom 0 to 100° C. 
RESISTANCES OF GERMAN SIEVE WIRE. 
(American Gaugo) 





13% 
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Dividing Cocfiictemts— Continued. 








Temp-| Temp. Temp. 
coe |B | cout. |T9BP| coo, | 780-| cous. 





B 1905 | 49 199 | 46 210g | 43° | 2278 
ois | 1a | a5 | 195 | 5 | 2133 | as | 2509 
or raz | 48 2000 | 45 210 | az | 2335 
cos | rare | 475 | 208 | a5 | 2188 | ais | 2503 
oo 1900 | 47 2052 | 44 Baie | ar | 230 
as | 19% | 45 | 207 | 435 | 225 | 405 | 2406 





Mean Temperature. 


A. piece of wire or cable whose length is 1, and tomy 
neoted to another wire or cable whose length 18 fy, a 
@ mean temperature 





rature 1°, when con- 
temperature f,°, has 









Rb 
Th 
Linear Expansion of Metals due to Change of 
‘Temperature. 
A rod or wire { feot long will, by an licrease of temperature of £, increase 
sta Tength to 
1(1 + at?) foot. 
where a has the following values Value of a for 
Metal. Fe ce 
Zine 000010540 cnnoa076 
Lead 000015830 00002848 
‘200010500 “pooo1690 
“ooo0080o — “onoor7=0 
‘Doon “nora 
‘Doooossst ——_“oooorta5 
‘oooooie0 “anno 
‘poowoas7o §——“ooauszs 


Specific Heat, 













Specific heat 
Element. ‘of equal Element. 

Weights. 

1,000 | Rhodium... . 

‘9408 | Silver. Hes 
‘2934 | Cadmium 

: mo | Tin et 

3 ‘23 | Iodine | et 

oo 176 | Antimony’ a 

eas ‘t96 | Polturtun } SSE 

re cao | Thathum’, 2 ff: 

A 1138 | Tungsten: | 

oe 1091 Iridium <2 2 St 

Cobalt 2 22 ttt ‘om | Platinum) 2) 2 

Zine St fs | Gold casi SS 

jopper = ee ‘0061 fercury (i ar 

Bromine (solid): sos | Lead St 

Arsenio. . |. ‘ogg | Bismuth 22 2S: 


Palladium; ; |; +0683 Osmium | ene 
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Wwe prices are 
‘tapes is about. 


tapes nd ‘Maximum 


MRUPP'S RESISTANCE WIRES. 


Following will be found data of the Krupp resistance wires supplied by 
be American agents, Thomas Prosser & Son, 15 Gold Street, New York. 


Krupp'’s Resistance Metals. 
fle gravity 
Specttic gravity 


The 
ength of 


3.102 











ifte Fesiat i 2 €. inean” 4 microhms. 
inperatl Mont, means. >. 2) 2 oaqnae 
idiance per cireuiar iilfoot << |. 1. S1406r owe. 
Resistance per 1000, I square inch area . . . . 8613 ohms. 
This metal can be , tly loaded with cut t sufficient aise WX8 
snparatare £0 800° E. (12 F) wlehout undergoing wey aeeeeaal ooeeee 


s 


Prices of Sk Oevered Wire por Pound. 
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FA Superior. lala, Mokeline 1 
a. 
‘| ¢ q 
a E|elale g[¢ 
[214] 2 E\a 
ri a | a4 a 
20 $1.90 | $2.60 | $1.50 | $2.90 | gi.52 | 92.22 | $147 
al 200 | 270 | 19 | 20 | 1 | az | 7 
2 aie | 21 | tm | 2 | te | 2a | te 
Fs 210 | 2m | im | ga | im | ae | ie 
Fe 218 | 200 | tie | 240 | ie | ae | ie 
Fs 20 | sao | igo | am | ioe | ara | dar 
Fl 220 | 330 | 210 | S90 | au | ao2 | Sor 
z 2% | 3a | 290 | aa | aa | sz | oar 
FA 2as | 390 | 243 | 380 | oar | Sm | be 
Fs ais | 490 | 2% | 300 | arr | Sm | on 
Fs} sao | ‘a0 | sa | £10 | saz | tua | 3a 
a s%0 | 490 | aa | Sep | aa | daa | Sar 
2] aio | sim | sa | im | om | tor | Se 
5] i | be | coo | 550 | eae | oem | aoe 
Fr 4% | tao | £30 | soo | tae | Gon | ter 
F | 3% | Fo | S90 | So | sat | cen | oar 
= Goo | Se | ea | ga | ems | Gar | ear 
z sa | i240 | sao | 1200 | oa | nme | Sar 
5 1240 | 1800 | 200 | ies | azo | lose | a2 
F igao | doa0 | iono | i980 | iner | ine | 100 
Fo 1840 | 2250 | iano | 2200 | ieee | z2e2 | i800 
‘The above prices are for wire, alngle or double, covered with gree 


white alll. 








Prices of Resistance Sheets per Pound. i 
‘Niekotse 








BS | mcr, | supertor.| rate, | Nioketine | Nita 
see | aa (Tate | “game | coca! | ae 
9 01125 165 na 6 s 
2» 010 1.05 n ie FS 
a |) saesct! || gael] can, a Ih Gael 
2 0079 101 4 ‘ae % 
ve ame 109 |, 76 ~ s 
0063 1.09 16 o s 
Bah 0066 1 8 nm “ 
6 0065, at 8 sa a 
a 0085, pay 18 n a; 
% 0039 nat nm a \ af 





The above prices are for sheets of maximum width of YA \nchen, ATF 


‘mum length of 7 to 8 feet. 











Gin OPC 6 ee ee ee gu x 10 
ass ate. - SL LIS 227 & tol 
Battepercba 2) Lf Tl) | aa x 10m 








RESISTANCE OF DIELECTRICS. 


_dtuulating materials or non-sopduetors, such as glass, wood: inda-rlber, 
‘ila percha, etc, are Uermed dlelectics, and Vary im Fesstance, not only 
Tah the material, but with tts kind and quality. 
The following table gives the 


Specific Resistance of Insulators. 





Resistance in 
Material. megohms per 
ccubie centinteter. 





Me, dey bahia tacon contigs, Bet BAX 18 
Getaperdns Se fox 1 
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Specific Resistance of Insulators.— Continued. 











Resistance in 
Material, nego per 
cubid entintcter. 
He ce a Hl 
oper's Compound... se ee | HOOK IE 
Parte eS Ltt | aba xie 
Partisan’ 2222222 20Diii02 rea 
Dargai sje S55 G, watitoeeeern ate ixie 
fade DID D IDs Hig Xie 
Steaeadd) SITLL litt io Xe 
Benne 212 : par 
Woottar: 220052 A 130 Xin 
Onokerite (erudey’ SS a as $80 310 








Disraptive Value of Dielectrics, 


Ina paper on the “ Dielectric Strength of Air," June 27, 1898, before the 
Am: Inst. 1, Chas, P. Steinmetz gave the results of numerous teate with 
different shapes of ‘lectrodes and under various conditions, Following 
{re his conclusions and some of his tables and curves, 

st, At constant voltage and constant wave shape, that is constant ratio 
between maximum and effective E.¥CE., the striking distance ls a constant, 
especially between sharp points, where’ the tests have been repeated over 





1 T 
PA TTA 
1s ed 1 | 
I Ltt mo b.a 
om i i “ 
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‘10 90 90 40 60 60 70 9 WO 100 110100 130 140 150 
ILOVOLTS EFFECTIVE, 


Fie. 0, Points, Smooth Core Alternator, 125 Cycles. 






































and over again, and independent of the atmospheric condition, the freqt 
geen to sith in extent that the stniang Aaeance. wetween, mootlg’ pein 

offers the most reliable means to determine very Nigh voltages, For this 
Jonson, itig ued in this manner 48 Sal chesk th a haga Aen ae 
Hon tests of the General Electric Company. 
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10 30 90 40 G0 40 TO Gow 100 110 120299140 
NiLovoLTS EFFECTIVE 


16.0, Comparison of Points ani S| Smooth Core 
“Alternator, 125 Cye! 





unter MLE, of the aparks, ‘The teats with 
ori kilovolig fora aingle transition from ter 
jinting toa simi wenomenou. Klectric conductors ine 
7? angieg tata or paral with the discharge, pote to the ele 
eounter E,MLRof the sume magaitude. The beginnlug of he 
tiie brush discharge is at w potential uf tis mugultade alao, 


ints ive 22 
af tales Spieret 
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Smooth Core Alternator : 
"A-10-30-1500. “A=10-00- 1500. 
i g | Kilovolts: etfective, i r 

ic | 32 
33 = g 
a | &s | 8g i a ? 
a | aa] 8 a. 

eo Bra 2 
| 4x » 

5 | wo 3 a5 
xo | ao 0 1a 
15 | 3 15 pa 
20 | ase 20 S08 
25 | aot 25 a 
so | ane $ 
35 | aoe a5 a0 
to | s8 £0 Ba 
os | Be 45 ier 
Bo ao ae &s 
53 oor 
0 | cos | os oO bia 
a | ma | Tar os a3 
i ey To Lo 
1s So 1s 3 
so a3 0 Ba 
5 803 55 Ba 
20 wt ae BS 
2 3 
rid ‘ wa hat 

10. 0 | 105 O15 
i ig no 4 
iL nos us 

Lo uso 120 

5 100 15, 

bo 135.0 120 

155 1 Bo 

10 tino 10, 

ri 1300 5 

150 { 180 

tes 

160 

#859 F. Weather sultry 
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H 





452-06 F. "Weather tlear and bright, 
Goo. Weather soolant cloud 


Internal discharges in inter 


rmodiary transformers FF, 





Walues of Various Dielectrics. 


Sremswerz, February, 1808 ALT. EE 











Blectrostatie 
igeadiont st Formula for 
fiisinting the 
ing Distance, 
Material. 8 meee 
in ilovolte per | "gba 
Centimeter, novoli: 
wo | 67 | 19 
atto | 920” om 
190 | ee |e: 
1% 
Ey 
a 
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Ey 
16 
3 
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ptetolibnion af iesn eS” 


Lieutenant F; Tedorired, & Rieaten aaval pine ee re 
oe Pilon for wpe “he al ae - 
when 
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Stee ree 


aie tent the sri ani crack wien expe 0 the al, 

emer hte Wega 
Sra tad wed aie tuners snyutacion Wilh & 
ee vite Mitt nk J prt Stok iin a 


sone at tae me 
aula date ottibn Sind the tome sppites Stare polteqateia loads ere ane 
vg wih oad 


ergoued quutapetoha, suche ts mee for tna se ae a stand 
ay are nh ator x 
‘breaklny Strala ie about 30 yonnds pe 
ha tae ‘of guttasperein ix Mmereased 
D=dlanoter of gubia-perchik mipreat of cow 
aaasior st copper (Soh aitenstas in ais) he welght Of patearprcs Fee 


not ie A 


Fels ot cnertna nay Sch ts etean es onto detoeae tans 
= Vina FTW mil, 
Af the conductor is solid, then, onter diameter 
= Vera mits 


viflention, the th resistance por knot 
ot host quail eudvosercha tonal cathe wiley ae 


SW (log D — og d:) mogohine 06 75°F, | 


ES 
sainee at p pounds per aquate Intl: Svar the sneps : | 
T= Bt 0.0005 ple 





sain of td 

















Bend co) — rea th ting a ae 


Soars ey 









Fo. 1%. 
Foines tm Waring Cablen— The aie ~ 
Seah y once = =H 


$m, ame ‘aie ioutting nrpenin ot | thie coverliy are york Ba 
ts Rane ‘stil, mnt oa tees ‘uno 





Joints in Paper 1 
we eins: 
‘ut into an aver 
tote: rosin oil, whieh th 
ation ix not the highest la measurement 
intone octet 
hie aper te left dey, 
ist fara ae paces i grein vary owe 
tearm 
is sane Kind as the insulation, then 
setinally plied 
of miles of wach 


Cost of Straight or Sleeve = 


On rudber-inautated, Bis im k 























Hard-drawn wire, 60,000 pounds strength per square inch. 

Sain at ioe Ee a0.om pounds per square“ 

The following tables give the dip in feet and inches of No.0 B. & 8. cop- 
per trolley wire between spans 12 apart, and the strain in pounds for vari- 
‘ous temperatures : 

Initial Maximum Strain 2000 Lbs, 


























Temperature F. Dip. Strain. 
= 377 200 Tbs. 
(q ate mm 8 
se ve ie 
ioe bao" Mo 
ie Pag boo 
ie Ea a 
ry 337 2900 
ie i op 
ie iw 30 
& lh Eo 
we 3a” "a0 
Pa ¥ 3 
we Uw fo 
a aa a 
Figa, tis preceding. tables the proper height of egeboite can ve SAS 
miged Tor hod temperatures witha gAvOX Talat we 
Colley wir sbore tho track, mi ci Bas 
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‘The tension when the temperstare is 
eat, should not exeged one-fourth of the 
"The eng varies with the material, but not 
varies directly with the welght per foot of the wire. 


= VEEEE; vary 88 0 9 





where 


1w for 400-Ibe. Iron = 075758 Ib. per foot. 
ts Joo « CORPS Dime ste 
and 

Sooficient of expansion for tron = 0000088 Fe. 
Peer of eXpanalon tor sopper = oommmes =” 


TABLE OF TENSILE STRENGTH FOR COI 
‘WIRE. 




















F 3 3 F 3 ¥ 
a |# il} a | # 
le lala | al: 
BS Fe ze | Bs z 
Hy = + fF i : 
a & i 4 i A 
; Lbs. Lhe. Lbs. Ie. i 
ooo oon | oes 2 ar | om i 
000 707 4480, 10 489 m 
0 en | ass un | os | 
Q wos | oa 2 | om | om 
1 wos | ws | om | os 
2 | am i 193 108 
3 | 1405 oT 153 a 
4 m4 w | as ° 
5 so | 0 ” ” s 
‘ wm | 0 8 7” 6 
hee 
7 90 ® a * 
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1 ‘R= resistance por leg of ¥-connectod srmatare, 
= Felinuanoe por plies of counectolarmatsra, 


JR lone in Y-connected armature = 3 14R 
m =3(2) 
‘PR Jou in 8 connected armatare = 3 (-7-) r 








Energy in Three-phase Ctrentts. 


J; = current in any one of the three wires of external cireult, 
jurrent In one phase of the armature for delta connection, 
watts output of a balanced three-phase generator, 









va 
Detwoen terminals (or lines) on elther delta or Y system, 

volte of one phase of the armature if connested in “* Y;' 

esistance per leg, of Y connected armature, 

7 = resistance per phase of a connected armature, 








W=3l0 Se WE 1.732 (either with ¥ or A armature. 
Fora : 
Waaninsey 


i 
1 
i 





J, = 1.732 4 in delta system. 
ZR loss in ¥ connected armature 


JR toss in A connected armatur 

















E=E, 
Fra. 6, Fra. 7. 
E=vjF/=102E, 


Z Awpenee =1.702%¢ 089 





Delta Connection. Star or Y Couneetion, 
F168, 8and9, Values of currentin three-phase connections, wastez=1=5 





CURRENTS, 


‘Direction of Current in 2 Conductor. 


{fo determine in which direction the current in a conductor 
‘@ compass widerneath it, If the north pole of the needle po 
‘thecurrent is flowing forward or away from the ubserve! 
‘mipase aéove the conductor, if the north pole of the needie 
he Fight the current is still flowing away from the observer. 
“These results are often shown as in 








! 





t 
Fra. 10, Fra. 11. 


Direction of Current about an Electromagnet, 
Location of its Poles. 


If the direction of the current flowing in the wire of theo! 
Aen with a magnet find the north pole of the magnet, by appro. 
compas to one of the poles; the north-pointing pole will be repe 
Sorth pole of the magnet, but attracted by theeonth pole. 

"Then by placing the right hand on the coil, with the thumb e 
right angles and pointing in the same direction as the north pole ¢ 
eurrent will be flowing in the direction pointed by the fingers 

‘Ofcourse, if we know the direction of the current, and wish 
north pole of the magnet, placing the hand on top of the coll, as « 
the tngers extended In tho direction in which the current ie dl 
‘torth pole of the core is in the direction in which the thumb ix 
Another way is tolook at pole of mnagnet. IY current is going rc 
Aahdod youhave a south polo; it lefehanded, a north.” Bee G 























A simple rule is: facing the ec 
of fhe dynamo, speaking “nov 
the bipolar type, snd aseuming the 
to be north or -F. and the. ar: 


be revolving counter clock-wixe, 
current is flowing to {he right acre 
of the armature, or the left brash 
or the terminal from which eu 
‘returning by the negative oF 








Reversing the direction of rot; 
od reverse the polarity of the termina 
DANO RIOT AANA, The accompanying figure ik 


fo ‘method, “called Flemin 
Fra, 18 Keoki Raxe, = at 
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the woods, cach 
‘gave resulle from ab 0 t0opoe 


ree ann. ret Resetang wecaeait oticite 


fe sina wr. exe 
o>. . ae tn Wiig. 
fale eR ) Dae yen Uh ee 


UKING WEIGHTS COPPER AND SILICON 
> BMONZE WIRES. 


Nee aban spb to 10, Ma 





eoftdrawn of wunealed copper wire per 10000, M.== 
RN ardairawn copper wire — 4978 Yb. 
& ‘No.0 B, & 8. softdrayn or annosled copper wire = 





silicon Dronay 00201 
So Soe WG ican brcee wine ano Tose 


wer lost inc conductor ata density of 1000 
eh cross, gions aa to tie numer of thousnads Of 


ee —By Prof. G. Forbes. 


DIMENSIONS OF CROSS ARMS. 


" hes x 4 inches, thinch holes. 
te Pete's hehe, thteh holes 
sedan Spiny 4 oF 6 foot Longs pin, 6 feet ling, 
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222 CABLES. 


Testing Foints of Cables by Clark's Method. 
{In tho figure (Pa, 3) the lottore refr to the parts us follow 








i ugh rsintanco mirror glvanotnater, 
‘hunt. 
oy The mharr-oirenit key. It may be on the shunt box or separate, 





‘ml ‘stundund euuidonser, 
i to tee ete nk elnguatn Aronghy 

Ter, A coupor plate attached 19 Hs end wito dy is 
water to ensuite n goo conhestion with te IiQukl The are 
Thndg an shown 4 the Rgure, one ond of the cable being tron. 10 wake teat 
vlowe A ,,for ahulf aiuute, then release it Ta lopreming one knob of 
Kg i rah lemhangtng tha onndrieer ¢; Chron Eh ter, 
And avtc thin delection, funy. A perfect plcoo of cable of the anne length 
us the joint Js then pliiced ta the vessel, und i yop xeandiaaw it the Joint are 

ractionily oqunl £0 thove obtained with the perfeot cuble, the jatnt is. 





hen the dellestion iy very low, Wis evident that te oun suit 
Play fies he tone dared ‘acnaccionys to-poeipanat read sie 
Tela vory linportant Uhat the trough nad apparatus be: iy tinted. 





drometer Method, — This welhol possessor (he ad 
Weduponess with a eondenacr, au thereny neokie posetne-midancisg ae 
tulta duo to ectrle alworption by that iistraents. The eonnect 
ino einattometar tant are shovwn th Uo necompanying Hgure (Pigs). 





Tre, & 
Dig a Wartovy of aout 10 colle, 


Tew hatiary of 10 oF more Gollke 

i ie ei ov tina My owen tha th ulation 

tho trough phon prac bs “a 

Dirt jer deductibue nay ta ade for daliettone tan ts st 
teal the tomulation of the trough, sepears Ky hil 


= ‘ 
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‘Testing Joints of Cables by Clark's Method. 
In the figure (Fic, 8) the letters refer to the parts as follows: 


{8 high-resatanco mirror galvanomater. 
fs the shunt. 
Kin the short-cireult key. Tt may be on the shunt box or separate, 
isa roversing key. 
i ndlscharge Key. 
B’the battery, usually 100 cells chloride of silver. 
ee ate ea tesa tagaated tro 
@ joint. to be tested 4a ne 
with salt water. “A oppor plate attached to the teed wirete piace i 
water to ensure ‘connection with the liquid. ‘The commectoas 
made as shown in the figure, one ond of the eable being free. To mabe. 
close A,,for a half minute: thon release it (frst depressing one kb 
ey agi tnereby dlecharging the condenser ©, trough the gairanneaa| 
ani note the dellection, If any, A porfect ploce of cable of the same 
‘8 the Joint is then placed in the vensel, and if the results with the jolaa®| 
actically equal to those obtained with the perfest cable, the Joint is 
hhen the deilection is very low, itis evident that the {ohne is sound amd 
may then bo considered unecessary to compare it with the piece of 
Tes very iinportant that the trough and spparatas be thoroughly insulstel 
Electrometer Method. — This method possesses the advantage th 
it dispenses with a condenser, and thereby avoids possible misleading © 
sulte uo to electric absorption by that instrament. ‘The connections it 
ihe electrometer teat aro shown in the accompanying figure (Fig. 4- 




















Fra. 4. 
tory of about 10 cells. 
4, is a buttery of 100 or more cells. 
Adin the preceding test, itis here highly essential that the insulation 
the trough ‘should be practically perfect, ot at least known, wo thas if Bt 
effect, proper deductions may be made for defections due Vay Nene, | 
o test thy insulation of the trough, depress Kj, and close wwiten & 








hown, ‘This ie virtually a Wheatstone bridge, in which one of the wires, 
sone of the arms of same. Adjust r until a (x-+y) = br, when 7 will 
Mtoz+y, if, 


ll 












Fic. 10. 


SS — 
CABLE TESTING. 237 


of should not bemore than about flye times th 
Resistance of galranometsr e 





@ 
S 
Pro 
Narle; Test. — Measure resistance of loo} cable or conduc. 
tory ng ‘Tl commect, a4 shown in Fig. 13, i whieh ris am adjustable 


Palblance, “Obtain falso cro ar before, Then elose hey A, aod adjust F for 
Ghalind vier the Watt hy slaanad by the nebeties pole unl fst belore 

r negative pole, a fore 
Wglatu polarize, tpg 





Shere z ig the distance of fault, in ohms, from point 2 of cable proper. 
Then z“by the realstance of the cable oF conduetor per kor oF mile 
ties the distance of fault in knots or miles, 
Locating Faults in Insulated Wires.—The following, so to 
cnirule of thumb,” or point to point electromeclanieal methvats nf 
trating faulte In unaruiored cables, n whieh the defect is nota pronounced 
se bate been found successful. 


Warren's Method.—The cable shoul be coiled on two jusulated 
dramsyone-haif on eachdrum. ‘The surfuee of the cable hetween the dems 
incarefully dried. One end of the conduetor Is connected to a battery which 
isgrounded. ‘The other terminal is connected to te Insulated quadrants 
ofan electrometer. the other pairs of quadrants of which are comected to 
Ueearth. Both drunis being well insulated, no loss of potential is observed 
after three or four minutes. "An earth wire ix now connected first to one 
and then another of the drums, and the fault will be found on the drum 
which showa the greater fall on the electrometer. The coil is now uncoiled 

the defective drum tothe other drum, and tests are made at intervals 


trom 
atil the defect is found. 


























TABLE OF STRAINS AT CENTRE OF SPANS. 
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DYNAMOS. 
CON INUOUS CUNRENT mA) 
Blectro Motive Force. 


The RAE Sans ee eae 
i nana ea 
ee eee 














2) "The method of eonnectin 

4. The total ux of hines of force foreed through the armature cae 
stele magus, 

If the above four it din CGS, moarure, the 
ELI will be fits, whch can be changed 
by diviaing by toon. ‘or a two-pole dynamo, 

Let rer revolutions of arm second, 
‘n= homer of externa tore all froand the armatare, 
SS th total has pas gh the armature core fiom 
ie. 
=tlatbaLR. gneve hemachi 
VEEN. al machin Is Bri whorert'= witsdy 
Toss la the mach 
revsen ce 
Then wae 
Bx 

ona ted 

For multipolar dynamos, in addition to the abave symbols, 
let _p = number of pairs of poles, 


4, = Hlas from one pole, 
then ina Series wound multipolar dynamo + 
rer. XPM X 0, 
= co 
Exw 
rerexP Re 
Tn a Multipte wound muitipolar dynamo, 
rev x mx by 
leant 
Ew 
PSE 





and % 


and 





ALTERNATING CURRENT "MACHINES. 
For alternating or periodically varying currants there are three Vili 
the E.M.E. used, or of which the value te required 


4, The maximum value, or the top of the wave 
4; The instantaneous value of a point in the wave, 
© the virtual E.M.F., or Vmean? value ot the toll wav 
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ALTERNATING UUERENT MACHINES. 231 


1 to the symbols used for continuous currents, let 
ant varying from 1:1 to 2 depending ou the relative widths of 
ature cofie sod poteplooe,srualy taken an 22" 
through which the armature coll ls turned st the instant 
. 


glephase alternators, 


jm Baz MXAKS, Hr xp 


on = number furns in series, and @ = maximum flux enclosed 


Emax. x 10 
Iustantancous £ = 2° XX © X rev. x p xsin@ 


son = number turns in series, and = maxinum flux enclosed 





p E inst. x10 
Te Xn X rev. X pK ano 





reo. X DX EX OX ® 
Virtual & oe 


son = number of conductors joined in sertes with one another 
armature, 





E vir. x10 


eee x 
‘Fev. X PXEXR 





hase alternators 


aumber of conductors in series in a phase, and in two-phase ma- 
E.M.F.’s of each phase would be the same as in a single-phase 


‘hase alternators the E.M.F. between terminals will depend uj 
{ot'sonnesting the srmatare conductors. ‘The two mort common 











‘ecalied the delta connection and the Yor star connection, both 
ae following diagrams. 
Tt 
eye L mnniey I 
e ese 
ery | Enurmxvors ade 
‘7A comecTion on 67a CONNECTION 


12. Values of E.M.F, in three-phase connections when z= 





‘lta-connected armature the E.M.F.’s between terminals are thost 
in each coil, as shown in the diagram. 
connected armature the E.M.F. between any two terminals it 


generated by one of the coils in that phase multiplied by the 








40 circuits are sometimes connected as a three-phase circuit ; that 
‘Sees have '@ common return wire, In this ense the pressure be 
two outgoing wires ls V2 x Z, and the current in the commo 


be 7 ¥2, both conditions are on the assumption that E and I* 
ta the same. 


DYNAMOS 








MANNER OF PLACING SPOOLS. 


‘he here poned ie king 
eas oat comma tenga 
ts fa ie eck eta tt 
see ne tie hl year 
ee aad a es 
Biss ei ee Pa 
dena rosea Seba ota 
Setar 


Fra. 5, — General Electric Composite wound alternator. 





ALTERNATING CURRENT MACHINES. 231 


In aidition to, the symbols used for continuous corrents, let 


‘Savonstant varying from 1t to 25 depending ou tho ralative widths of 





temgle thvnghy wate he Mrtatnes oll ethene Ak the instant 
‘Then, {or single-phase altermaiors, 
smaximam Baz RAB, N reve KP 








Ww 
Inthie case n = wamber éurns in, bo vu ths 
pees, series, maxim lux enclosed 
| uw ee 
Sexe rer. xp 
| Tnstantanecns x= SX ™ A Moree x px Hi 
10 Uiis caso —nitinber ferns in series, and & 
etn, 
| it 7 Binal. = 0 
ar KNX ren. xp x ane 


atx PREXY XH 
Virtual = a 


Int caw = niaber of conductors jonnd tn eerles with ono another 
sonal he armature, E = 





waxitnui Bux enclosed 














ea = Ein ee 
rer. x pK EXN 
For mutiphase alternators 





= the number of conductors in series in a phase, and in two-phase m 
(fits: the E.M.F.'s of each phase would be the saine as in single-phase 
Intiree phase alternators the E.M.F. between terminals will depend upon 
tte method of connecting the armature conductors. ‘The two most common 
Reitnds are called the delta connection and the Y or star connection, both 
shorn in the following diagrams. 


BESTA CONNECTION on eran conEcTION 
Fos. and 2. Values of ELM. in three-phase connections when == 




















Inthe delta-connected armature the E:M.F.'« between terminals are those 
aerated inveach coll, aa shown in the diagram. : 
inthe V-ronnected armature the EME between any two terminals is 
lle EALF, generated by one of the coils in that phase multipited by the V3 
pry 
Trowphase cireults are sometimes connected as a three-phase cireult : that 
ix boeit phases have'a common return wire. in this etse the yreasure be- 
tren the two outgoing wires ts V2 x Z, and the current in YOs Como 
seta will be 1¥2, both conditions ‘ nt 18 
igen i ef V2, bo ‘aro on the assumption that E 
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7 ‘R= renlstance por log of Y-connected armature, 
1 = reslatanoe ar piseo of & connected armatare, 


17 loan in ¥-connected armature = 3 48 
5 1) 
‘PR\oes in connested armature =3 ( 7-) r=, 





then, 


Energy in Threo-phase Cirentts. 


1, = current in any one of the three wires of external ciroult, 
curront in one phase of the armature for delta, connection, 
atte output of « balanced threephase generator, 









colts between terminals (or lines) on either delta or Y sya 
‘olts of one phase of the armature if connected in “ X, 
resistance per log, of Y connected armature, 

1 = resistance por phteo of & connected armatare, 


W=31,v = 22a vB 1.799 (elther with ¥ or A armature. 

















J, = 1.382 én delta eystem. 
JR loss in ¥ connected armature 





Fia. 6. Fia.7. 
E=VjE,=112E, 


J surance ~1.702% 2082 





Delta Connection. Star or ¥ Conneeton, 
Figs. 8and9. Values of current in three-phase connections, wastes =1=% 


a 





Poti following diagram of a delta connected multiphase generator and 


nk 
i2i.¥ 

46 

Was m er 

a 

7a 

Dereorefor any balanced throe phage resem, 


energy is equal to the product of the EMF. 
Ietneen any palt of mains and the current in one AGG. 


Sain, divided by 45; tho result being multiplied by the couine of the angle 
ST ee tactaee | ene manele by. oe 





I= 
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7 ‘Rx reslatance per leg of Y-connected armatare, 
ie 1 resistance Par pas o€& sonmosted armatery 


JR toes in Y-connocted armature =3.1,R 
=3(4) 
{PR ous in connected armature = 3 (-7-) r 








Energy in Three-phase Cirentts. 


current in any one of the three wires of external cireult, 

current in one phase of the armature for delta conneotion, 

atts output of « balanced three-phase generator, 

x 3 

ST =12 V3 

E = volts betwoon torminals (or linea) on either delta or ¥. 

volts of one phase of the armavure it connedied in =X" 
resistance per leg, of Y connected armature, 

Fesiatanes per phase of & connected armature, 












Wes 1,0 = 2 2 1B 1.700 (elther with ¥ or 4 armature, 
is 

Fors. 

Waar inse, J 

fora 


E 
ue 1, = 1.132 E 1, which shows statement in brackets to be tra 
Is 


w 

ERAS 

32 iin delta system. 
PR loss in ¥ connected armature = 3 13R. 








Ross in 4 connected armature = 3 ( 











Fic. 6. Fi0.7. 
E=vjE,=1. 





Z surges =1.709x ror @ 






PERES = 1.7022 OF Y 


al J AMPERES «1.782 x yor® 


Delta Connection. ‘Star oF X Connection. 
Figs. éand9. Values of current in three-phase connections, wherez=1=* 





that there ix x very considerable leakage of lines uf 
some cutting across without going through the 
arose corners, ete, ‘This leakage, aniounting 

‘ux, has tO be made up by tncreasiny the 

that necessary to furnia the requisite 





determined for differen} types wf Held maguets by 
and a table of such values follows, In dynamy caleuts- 
jue may be represented by v. 


Stray Field in Dynamos. 








Arma Value 
Yee ot bynamo, | Field, | Arm Remarks. Bali 
LiceHopkinson | Bipolar | Dram Poles next tobed-plato) 1.32 
isn (Awerican) | Bipolar | Drum [Poles eat tobed-plate) 10 
(iowa Hectrie Co,| Multipolar | Drum |" “Direct driven 135 
ars Bipolar | Drum Yoke next ta bed-plate| Lat 

| Hities 2222 | Bipolar | Bram Yoke next to bed plats] {30 
Mhahester > > > |Double Long Bed and one polocast | 149 
Tent pabiemegact| core. [Ordinary fatiorn slter| 240 

| vos Piiteipatie sais ting: 





Re, - 
adiiloning formule aro weet fn eslealating approximately the wey 
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Compensated Mevelving Ficld 


‘The General Electric Company in Ootober, 1809, placed om the 
now type of multiphase alternator. whlch ‘s claimed to ov 
the faults common to the old style of machine, 
combined lighting and motor loads. While it ins 
tively exsy matter to compound and over sompound for nab 
it hax been heretofore quite diMeult to add excitation. we 
for inductive loads which reqaire considerably more field currbut 
1? iihe following dessription fs Yaken from (hs bulletin issued yt 
Phe following deseription n 
describing the machine, which is of the Tevolving field type :— 
“The moans by which this result is acvomplished are ns f 
shaft of the alternator which carries the vovulving field varrioe 
armature of the exclter, which lias the same number of pola in 
ator, 40 that the two operate in synchronous relation, 
comniutator, which delivers current to the felds of goth the 
alternator, the exetter has three eallestor rings ‘vitich 
Gurrent from one oF several sories tranaformers Tnsarte in the lines 
from the alternator, This alternating current, passing through the 
armature, reacts magnetically. excite? field in 
strength and plage relation of the alteriating current. Cota 
magnetic tlold and hence the voltage of the exciter, are due to the: 
‘effect of the shunt flold current and the magmatic reastion of the 
currant. This alternating current passes thirough the exoiter 
Such a manner ae to give the necessary miso of exciter voltage Ke 
Inductive load ino ‘and without other adjustment, to give 8 
Tise of exciter voltage with additions of inductive loal.”” 
Following are cute of the types mentioned above. 








7 





een sore meres two 
Fic. 18, eas 























*omuao eowaenen 
Fra, 2, me 
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as it i necessary to know the a re hr {wired for pach: of 

‘deouit th items may bo tabulated ae follows | ve 

mule for Different parts of the Magnetic 
Dyname, 

tare centimetre nnits, : 7 


Armature core; ampere-turns = © 3! 
pereturnn= @ x 








$1257 





‘The two aimgaps ; Ampereturne = x > vent 














Magnet cores ¢ amperesurus = @ x 5 — 5 tet 
Polespleces; ainperetums= 0x 5-8 = 10 
Yoke ; aimpere-turna = © x fr + sr 


Seg) 
or square tne units the divisor will be L207 x 24 —=s.1ns, or better 
Wnty by te = 3882, The formas are then, for square inch units, 


Armature sore; amperesturn 



















‘Yoke; ampere-turn 


v0 of Dynamos ax Determined by their Connections. 
‘common use in the United 





tre are five types of dynamo connections 
Sirin— 
Magneto machines. 
Separately excited machines, 
Series machines. 
Shunt machines. 4 
mind wound machines ; this last having two classes, i.e., long 
ind short shunt. 
above types apply especially to continuous current dynamos, but alter- 
Jeurrentmachines ate usually made separately exelted as per No.2, 
fosometimes made selfercited, from separate colis on the armature, 
‘ico a commutator i te bat najacnt to the clloctng-lngs 
‘current dynamos, in fact nearly ail those used fi the 
r lighting, or for igh Mi power purposes, that 
teen conatracted since 160lyare of the type known axcomposite wound, 
ich'the felds are separately exeited from an outeide source, and. 11 
onto thin a heavy wife series winding is also wound on the field cols, 
portion of the current from the maincircult is shunted through them, 
passed through & commutator on the armature shaft fest to DS 
a 






























‘a crrent is of course In proportion to that flowing iu the main ceestt 
ds exeteation in proportion to the Tond, thus keeping Ue vermin 

jeally constant under all conditions, Alternators for WSUS 
"af power are not “composite” wound, 





240 DYNAMOS. 











Compensated Mevelving Field 


‘he General Histo Cowpany In Ontober, 18, pluced on Hh 
new type of multiphase, which fs clalined to aw 
the faults common to the old style of machine, ally 
combined lighting and motor loads. While it hias been aul a 
Eivoly enay matter to compound and over-compound for non-) 
Itthnx been heretofore quive dificult to add excitation ‘0 
for inductive loxde which require considerably more diel eure 
ond of x non-induetive nature. 
‘The following description ts taken from the bulletin issued by 
describing the thsohing, which is of the revolving field type ?— 
“The means by which this result is sooomplished are as fo 
shaft of the alternator which earries the revolving Sold carrie: 
Armature ofthe exaltor, whieh lta the aame mia of pulse 
‘nator, no that the two. in synchronous relation. In ail 
‘Commiutator, which delivers current to the elds of ooth the exellee 
alternator, the exeiter has three onllestor rings thro 
‘current from one oF several sories tranaformert inset 
from the alternator, “This alternating current passing. 
armature, reacts magnetically oxeiter 
Strongth and phaeo relation of the alternating current. t 
‘and hence the voltage of the exelter, are due to thn 











magnetic te 
‘effect of the shunt fleld current and the magnetic reaction of the 
current, This alternating current passes ch the exciter 


nich a manner as to give the neceasary Flee of exeiter: vol 

{luctive lod Inoreaton, and. without peter adjustment, to give & 

ise of exciter voltage with additions of inductive loa.” 
Following are cuts of the types mentioned above. 











ee rare ren no 
Fic. 18, tie 





‘couround word 
‘ornuo ro SHORT wT tase ey 


Fro, 2, Fra. 22, me 








MANNER OF PLACING SPooLs. 


Tie obwerver fe supposed to be looking at 
sete poke nee irked A The writs 
1d ating Mok et Seascet atmatieey 
Aha By towad observer, «The aarows core 
pore ta tiose on spool Muiges, the pools 
hat the arrows point. in 
pponite dizestionson each succeeding spcal, 


Mig. %0,—General Electric Composite wound alternator. 











il see 


pee free oe 
eee air eke 


Mamanne ate used for sai ne 


ide 
Ea neers 


a iristine sisawbtte nlak commen uelge piece 
aa are used to a pomevoratle eaatah ‘it 
Hy ee a a 


DYNAMO CHARACTERISTICS. 
ww Tera t have acai _dharacleraho" or curva 
"nota reailte after eon ftv 


ay \fter eompletion, al 
ida that'Depres frst uset tbe marie: 
Sholociscoeonse commonly developed nre ax follows: — 


knetization Curve. —This curve is always determined for 
the Reps sbeltfer ad creative oeieriiaet 
se having available a separate exciting current, a yolimoter, and 





eon the 





ng tho camo, it is 2 
go nt the brushes, and revoh 
fig shows the rest of seh 
iaino in-alreaudy in. existe 












the field 
clted froty some outside: scarce, ani tthe 


tantra tet 







ecmipansing eurve i the re- 
‘of the magnetizing fi 
sary to force the. fas. th 
Following paris, ot 
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there are nine amperes in the field, with that of the machine when deliver- 
ing current, can be ween the enormous armature reaction, ‘The curve also 
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Fio. 58, Permeability Curve of Magnetic Creatt 
of Brush 125-Light Are Dynamo. 


indicates s new departure in are dynamo design, namely, that the magnetic 
cireult is hot worked at nearly aa igh a point of saturation as in the old 


types. 

Shunt dynamo. ‘The shunt dynamo has, besides an external characteristic, 
shown below, an iuternal characteristic. ‘The first is developed from the 
yolts read while the joad in ampores is being added, the aruiature revolt 
tions belng kept constant, 

‘Adding load to a shunt dynamo means simply reducing the resistance of 
tne external circuit. With all shunt machines there ix & point of external 
Fesistance, as at i, beyond. which, if the resistance is further reduced, the 
volts will Urop away abruptly, and finally reach zero at a ehort circuit, 

















a 
i 
Fi 
zl t 
Zo — saan lana m race 
° con ° rs 
Fic, 34, External Characteristic Fra, 9. Internal Character- 
‘of Shunt-wound Dynamo. faite of Shunt Dynamo. 


The internal characteristic, oF, more correctiy , curve of magnetization, of 
Z shunt dynamo, ia plotted on the same yeale 88 Tote previously AeweTuet, 
Foun the Volta nt the Hela toruiuala and the amperes SOWOEW ETON: 
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Conmnuzatorcalector 


MASNEE OF PLACING SPOOLS. 





at 
faces of pole pieces ; 
Aerlceneid whnding mould, be neareat the 
Armature—that la, toward "the observer, 
‘The arrows correspond to those on spool 
fiangen, the spools belng so placed that the 
arrows point fn opposite directions on each 
succeeding spool. 


Fra. 5, —General Electric Composite wound alternator. 








2356 
across the ends 4 ‘bipolar machine: 
Sayre for ieecad the oaipeles Gp 





Fra. 


Figure 49 shows the Von Hefner Alteneok dram winding, used ) 
in small and smooth core armatures. 





single winding tn shown in Fi 
‘Multipolar Dram 






A.sample of trotayer tn 
Multipie-ctreuit Mmgle-w 
claun of wisling Shere musthean ven nunber oP bare abd 
{rene pitt tome ent matt excuat thal ofthe othr by 8, and! 
bedi. I'm ie tho number of Joless and ethenumber of fee & 


the average piteh y shoulil be about -". For chord windings y she 





‘Much smaller than ~£ as convenient, 
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Fra, 50, 
‘isa diagram of a siz-cirewit, single winding. 
LK 
; 
‘ a 
N 
2 ay 
; 
ea 
‘Fra. 51 


Single-wound, Dram Armatares, — In this t 


cult, i 

the pitch y is always forward, and must be an odd number, 
iedding the winding fom a eértain bar under onepoleto =’ bar 
uated under the next pole in advance. Two-circuit drum wind- 


+a tren voltage 2 as many conductors as multiple-cireutt 











= 


‘the general fi 





Tn order aveld expats 
of brushes, with aymbols the 
number of windings, 
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brushes are used as there: 





‘Two-circuit, Multiple-wound, Dram Armatures.— W 


LE d 
i Ee) 4 
he i 
a iB 
a Ai i 





al 








Fig. 61 is & sample of a three-phase delta winding, in which all ta: 
aucthirs on tite armature are contested in series, a latd Delng taken of 
Sollector ring at every third of the total lengeh. 





Fro. 61. 


In the ¥ windings the proper ends to connect to the common terminal 
to the rings may be selected as follows: Assume that the conductor it 
Iiddie of the pole-pieco is carrying the maximum eurrent, and markited 

‘by an arrow ; then thecurrent in the conductors om either sidoot ax 
Jicent to it will he in the same direction, Ag the maximum current ma 
‘coming from the common terminal, the end toward which the arrow 
must ha connected to one of the rings, while the other end is 

mmon terminal. It is quite aa evident that the currents in the 
auljacent conductors mnust be flowing info the common terminal, and 4] 
fore the ends toward which the arrows point must be connected to the 
3non terminal, while their other ends are connected to the remaining 

Tings. 

iva delta winding, starting with the conductors of one phase in the 

dle of pole-plece, assume tho maximum current to be induced a 
zuomeut in thia conductor ; then but, one-halt the wme value of ot 
Will be Jnoladed at the same moment in the other Two Phases, wo Wa 

















Te 00 amperes par mare iach are cottons and 
‘a'r armatures dhe curtent density ts sometiiues higher. Ametica 
‘ireular mils per'ainpere. 





FIELD MAGNETS. 


Aurface necessary for Safe Temperature, 


Yeon gives the following method of determining the surface necessary for 
noel tod ce fia tts wes ls 7 
wyatt etal helting. 
"= coollagaarfecotn egies kachon of coll, not inoluding ond tanger, 
iit fntarlon, 
rod ts SbeTe bcaqare centinvetere 
fomperncure of betes part above ntirounding sir, 








£9 8" on 10> = 


Maximam current = “Vita. 8% 1g. the 
® 
Hob r= cold + 1% for oach additional 45° ¥- 
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‘Table of Cooling Surfaces. 









sco ampertargstoverer | coting ware pe 





re 
i 
8 
' 
2 





lg1gisisigl 
SIS SIRISIE 
i 





Notes, — The number of ampere-turns necessary to overcome sa: 
of oneshalf inch equals the number of lines of force per square: 
‘Approximate rule by G. Forbes. 


Carrent Density. 
(¥avon.) 1 


The current density per square centimeter section in the magnet wiall 
of ondinary machines If about half the ourrent donslty in the ataaian. 





Sufe Continuous Output of Dynal 
(Albion Snell) 


Dynamos {Drums Watts = dein 01. 
" Cylinders Watts = lcm 
Motors {Drums Brake H.P. = len 006015, 
Motors | Cylinders Brake H.P. = .0000i, 


length of armature in inches, 
diameter of armature in inches, 
number of revolutions per minute. 





sand Motors, 

















Gyrostatic Action on Dynamos 





Ships. 
(Lord Kelvin.) 


Weowe 
a 


Wk 


L and P. 











where J,= momont of couple on axis, 


pressuro on each bearing, 
weight of armature, 
‘dius of gyration about axis, 


maximum angular velocity of dynamo in ra 
xr second due to rolling of ship, 

4= 7& = amplitude in radians per second, 

(Radian ts unit aagle in ciroular mass 
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MOTORS. 


CONTINUOUS CURRENT, 
‘Theory. 
‘Tue revolution of a motor armature in its field develops an E.M.F 


ig comnter to or opposes the impressed E.M.F., and therefore acts 
sistanee to reduce the amount of current flowing; it is called the 











Let E=applied E.M.F. at motor terminals, 
= counter EMF, 
HS realatance of motor armature, 
thea 
and 
Total watts 
‘Vaseful watts 1 = 
= w+ watts wasted in heat, 
or We oti 
w 
= Ww 
= wat 
WHE 
Now w= EI-PR 
and = maximum value of w obtained by equating to 0 the 





cata sogdlctnt of with renpect to 
bat = 2 when the armature standing, and no counter .F 


developed ; therefore the maximum rate of work will be obtained w! 
efficiency {s 50%, and the speed of the armature is such as to produce 





but 


or 


and the efficiency 





‘Theoretically, and neglecting all losses but the one above mentior 
rotor will bo at its maximam eficlency when Wt (eran a the require 
gad produces the required power, and ¢ \s Tax\mum, Or an weat\y ¢ 
4 as can be obtained. 


mat 








ae, the second term may be neglected 
bestower will be the speed sand if ts 
al to E 





Series-Wound Motor. 
‘Values in C. G. 8. units. 


cries motor R= ra + rm where ra = resistance of the armature, and 
sistance of the tields : 


‘complete saturation of field magnets 
seas caer et at aration, . 


o=e sat x Te 
n@ sat 
Y for *3 





aa 














13.56 x 10" = torqno in pounds at 1 ft, radius, 


BR 
T= rep 
Fy in€.G.8, units, 


2 ap 
p00. = 527 — ZF in C. G. 8. units, 
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In a series motor the current is the same under the same load at an 
speed. In other words, the torque is almost directly proportional to tb 
current. ‘The following curves show the speed and torque curves for 
series motor on u constant potential circuit 





Fy 
| 





t- Wound Motor. 
‘Values in C. G. 8. units. 


current int the shunt field. 





z. ” ara 
Se aat. x pF gy — where Ble the EMF. to give half st 


tion in field magnets. 


a (ix) —m 
. 





and if 





Brushes on a motor must be set back of the neutral point, or with 
“backward lead.” This tondy to demagnetize the flelds, and as weakens”? 
the flelds of a motor tends to increase the speed. the mcrease of load of 
shunt-wound motor tends to prevent the speed falling, and the ebunt mot< 
is very nearly self-regulating. 


Leonard’s System of Motor Control. 


Wherever it becomes necoseary to vary the speed and torque of a conti? 
__ uots current electric motor to any considerable degree, any of the rheost! 
methods introduce very considerable losses, and aré apt to induce D# 
sparking at the commutator, 
'H. Ward Leonard, I... invented the method shown in Fig. 66, whic 
is although to some extent complickted: and 









Motor, of rather motor which it ig wlehed to control, ie pre 
vided with a separately excited fled, which can be Varied by ite rheostat £ 
produce any rate of speed, from just turning to the full speed of whieh | 
‘may be capable, ‘Carren¢ is supplied to Tee armature from a separate ge! 
erator, and by varying the separately excited Held of this generator, th 
Amouuit of curront supplied to the motor armature can be varfed at wil,ant 
the torque therefore changed to suit the circumstances. 
Toe generator in drivan at constant speed by Siret connection to a mola 
which gots ite current. from an outside source, ot to andiuer genes 
driven by some other motive power, say & steam engine, “Tae ANN 
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»plies current for exciting the flelds of the secondary generator 


srsing the field of the generator, the current in its armature is 
\d therefore so is the dfrection of rotation of the motor armature, 
shows the Leonard system adapted to electric street railway motor 





Leonard's System of Motor Fra. 67. Leonard's System of 
Control. Electric Propulsion. 


ALTERNATING CURRENT MOTORS. 


the single-phase alternating current motor aa boon quite well do- 
turing*the last few years, it las as yet come bot little into.use, 
rely fo ita inductive eifect on the ling, and poor efficiency and Un” 
Oty operation, On the contrary, the multipliase motor haa been 80 
Soe ato bit into very rong” competition with th direct 
‘nutor, owing probably to its extreme simplicity, lacking all brushes, 
‘Bore, and offer troublesome attachments. 











aye 
NEE Pa 


DB D 
Max, power = pf, atthe slip $= 


‘Max. torque = 


Starting curren 





ate 
Starting torque = 42% 





that the maximum torque is independent of secondary resistance ry, 
‘the speed at aaximum torque iepends on the sexoudary resistance, 
“at maximuin torque is also luclependent of secondary resistance, 
iaximum torque occurs at a lower speed than the maximum outpot. 
tne ean be. ‘that when inserted in the secondary , the WAXNow 














of Stator and Motor.— Both the feld-frame core, of Stator, 
stiature ere: or Rotor, are built up of laminated iron punnchinge 1 
tame manner aa are the armature cores of ordinary dynamoss 
‘dings in both cases are laid in slote across the face of elther part, 
Bin réacon both parte are posehed inn series of ots or holes fot 

je windtngs., Tite following cuts taken from the" Ameri: 
‘Helany” show the dual forin of slot used. 








ber of slots in the stator mast be a multiple of the number, 
er of phases, und Weiner gives the following table, in the" Aieri- 





poles 


Helang” ag sBowing the proper number to bo uae {in various eaten, 
wwo-miid three-phase machines, In practice the xan 
Pred’othe peed roqairat nid the valine troquenc§ « Swot Se 


‘alata te so designed as to be oqually spaced ubout the Whole Wwnet 
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Number of Slots in Field-Frame of Induction Motors 












































Hunbopee ae: Slots per Pole per Phas 
upper ot | Sto 
Capacity of Motor,| peo eal 
‘TwoPheee | Three Pha 
3 F 1 
anptornr.| 4108 H B 3 
pHp.toinr.| 4tos 5 a ss 
5 a 
4t010 5 a 7 
2UP. 6 HY. - 
7 = 
sto6 H 3 = 
9 4h 3 
7 3 = 
eto i $ = 
3 i 3 
eHLP. toOHP. _| #4 : 
dios q 5 = 
2 e a 
i 
7 
toto» i nd i 
H 4 3 
n g 7 
wHP.tomHP| sto 12 n ny 5 
8 & 7 
: = 
sow | iy 
8 H 2 

















‘The number of slots per pole por phase in the rotor must, be prime to t 
of the stator in order to avoid déad pointa in starting, and to insure vino 
Tuning, and commonly range from 7 to 9 times the number of poles 
any integer not divisible by the number of poles, in the aguirrel cage 
single conductor per slot windings. ‘The proper number of slots may 

faken from the following table by Weiner 











SYNCHRONOUS MOTORS. 
itis the origin by the angle y. 
Fy BERG. 


VeyrD 
shind Z, by the angle where 


_Lp, 
oad 
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MOTARY CONVERTERS. 










A rotary converter a the name given to & machine designed for 
aifereittt cerronts into contineoes currents. if ths Sacse 
ned lnverfed; Le, for changing continuous currents into 
foretines known us an nociad ommertey Agni 1 the same 

wen by outside mechanloal power, both alternating and contisss 
fonts may be taken from ft, andi then becomes known sa a double 
erator, 
* Theoretically the rotary converter is & continuons current dyname 
collector rings added, which are connected by leads ‘to certain parts | 
Stuatare wigtings sometimes te comma 

y lowing figure, which represent 
rotary converter, the collector Tings ? and 7, aTe connected by 
Totrleally oppoalte sogments or solls of the armature. at ¢ 
vious thaas the aruture revolve ihe greataet difference 
Sotween the ringe, or maximum E.M-T", will be at the instant 
¢ and c, pass under and coincide with the brushes 2 
EM ‘whl crane as tho Fotation contnoen unt the loved 
the polepiecss Pande ee 





The maximum alternating E.M.F, will be equal to the continues 
rent voltage at the brushes and B,, and if the machine be 
produce a sinusoida) curve of E.M.F., then the alternating E.MLF., 


the Vines? or effective E.M.F., will be, 






Esin®® Nt. ore 





Vi 


mean or effective voltage, 
continuous current voltage, or maximum, 
requency of rotation. 





here 









M 





In a bipolar machine the frequency Is ¢, and in a machine with p poles! 
squeney win be 2 1, 


Neglecting losses and phase displacement the supply of alternating 6. 
rest tp the rings must be J V 2= 1414 1, where I \s the continuous 
output. 
Jf, as shown in Fig. 82, another pair of rings be added, and comma 
Polnis on the winding at right angles to the fret, 








connections of a three-phase rotary are always delta, the EMF 
fared with the continuous current EMF. £ have the foliowing 


E 


‘between collector ring and neutral point e= 7, = 4 F. 








‘Voltage between collector rings ¢ 612 E. 


Alternating current input = 


‘netz, in the Electrical World of Dec. 17, 1898, gives the tAowne, 
Valo of the alvornating BAK. aud current intuniva of cousnOosh 


‘MOTORS, 
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k F.stinapatanet 
power Stinpedanes, 
Plagne sa Tyitinducennce! 
Gi nopuerie density, G.c, capocity. 
‘Vector quantities, when used, should be denoted by capital italics. 
APPENDIX V. 
Table of ‘stances in air between upposed sharp sneedie-points, 
serrations fective ainda Soitages; wher id i centimetesss 
aes Distance, ge Distance. 
Mean Square, Inches. Gms. Molin Square, Inches, Cms. 
ry 05 ye oO 4.65, ape 
& ls ta a ge i 
2» 10 0 B85 212 
a 13 3a 100 9.6 er 
ees ae ie 
2 Ze @ oo tap 8 
Z£ 2a 0 13.95 BA 
ba aa 90 10 10 ES 
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reaultel ex in the donna feat und fn tn mh renga ve 


‘hn is rou 
Peta et eloeltsonipat Ah, be; qpunsolel pat keane ane aes 
motors place so that the euurgytn the felis dove ot come Tako the tant of 
Ih loon in the nrmatuyes, She roagnal af tke moeehine tide 
wine In. thin ena, should be ander the 2 ‘lectrieal conditions fer 
o10M4 et in the arms xyid Tent, | bees alyeet of in teat san Deny 
ihe deeritnation of the any power tase he 
Ameod nod chute Mi the Haan tok hs Pogteal oftaney singer deste 
redatn foe the required efctoney wna 
setofconditious which might not have, ‘oun eaactly Way ted dosing the 


mediately after the ru, all hot reeistances should be mong 
at aw powalible, to avold any error due to & Change: it 


ae 


ree: 





von to th tv meagre Nee He 197 in wach, wemalute, 
be the sam. af Ail the nrtonture losnes of the tes dynos tee Che 
af the teat 49 that wo menatre diretly thy wemature Tower Of 


on yn No waite he fii ion 
Feriarntatures are mot under annefly the sazoe con- 
tions, except nate speed, for the dyuaino neinavure-vil ove a heenaihy 


‘of magnetic Geld that Will give an armature voltage of Fy -+ LM while 
the motor wit! be weaker as Ty In the same for both armatures, and he 


motor armature voltage will he M— L424, Allshetron coreloenen will be 

trade much graator inthe dynamo than fn the motor, a motor mrmatire 

current equa to the sum of yhe dynatno wid suypty currents, 

nw a far it ronot ion will ao be gronter, nk here Wl 
Hot greater sparking at the brushes: 

otal ray ower thus! atained may fe divided betwoen the ty 

ree nt preferally in proportion to dhe armatire voltage 

law’ for thoarmaciresia known, -A]] reslatanices of WITOS, Ut 

nf a snr ions applied, unions entirely negligibl 


pannus were tested iy tho clan of "05, naling sila motto. 
esata Me Dore ivan Wo ripe of susaswtom The 
dynaivos te Mot known, but in heurly Mi ainperer at 230 
ees cas A. 
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‘The averages of the observed readings taken during the test, and after a 
run of about five hours to become heated, was as below. 


Example of Calculatio: 





(Connections as shown in Fig. 8.) 





Volts at supply point 
Amperes fy ee. | 
Ontput of dynamo, amperes 
Dynamo feta current 

8p E 





To Measure Armature Resistance. 


Motor = 1.952 10.18 
Dynamo V = 2406 1008, 


‘The motor fleld is out of the test while the dynamo field is in the test. 

















Catcutatt 
Wate supplied 2008 x 15.71 = 3461. 
ces) 

Dynamo armatures R. = ‘Motor armature R. = 
2306 BBR 182205 
08 ‘ad rar] ‘oot ‘am 

ost : outs 
Tad ‘ad am “am 








‘Watts supplied 3461 
Dynamo held 
Te at 
TR OD 
Total heat lost 1698 
Total stray power 17683 Mand D, 
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Yor om 


Divide the total stray power hetiween the two ArmAlures we their 
larmatare voltages. 

Stray power dynam 

231, 

Bui 85 











x 1768. 





Simy power dyuamo — 928.0 
Stray power moter 1763— SOR aa 


‘The quantity 28.0 js the viject of our test, jes, the stray powar wheat 
‘ab early de uiay be wider actual Funlig Conditions 








Calculation of Efficiencies, 
Ag run. 
Output of dyna = 200.9 2 40.80 
a0 
Fd 
‘0689 = 10000 Watts output 
St Rag 
428 Field 


928 Stray power 
1190 Watts input to the dynamo, 
Work done by current. 

















Ef. of Conv. 
11082 
nw. 92.2 per cent, 

Comm, Eft 
10180 
11H, .1 per cent, 

Power required to run Dynamo. 
1990 

0. HP. 
1m this teat; earbon brusties were ned, and the lead adjusted as carefully 


ig of this dynamo had been aS amperes ind 220 


as possible. Lf the exact 1: 
ieles corresponding, 


Morke'at a spoed of 1600; and we'wished to And the ef 
Weshould proceed In thie way. 

‘The teat was made wivier conditions as nearly. as posible tthe rating 
and the stray power as found sill not be: perceptibly different from what it 
‘would be under the exact conditions, 

When the ond ln heen tv carefully adjusted as bn thi fot fel don 
worth while tomake these corrections, as they are smaller thn changes Weer 
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duced by accidental changes of oiling, temperature, brush pressure, ete., 


of two separate tests, 
Advantages of the Method. 


Small amount of energy used in making the test, namely, only the losses, 
No wire or water rheostat required. Test made under fall load, sud yet 
the losses are directly measured. Ail quantities are expresses in terms de- 
Penuling tho shine tandards, and therefore the efielehey wil be but ttle 
Affected by any error in the standards. No mechanical power measu 
ments are Inade, and all measurements are electrical. 











Disadvantages. 





Requires two similar machines. "Armature reactions are not alike in both. 
machines. Leads are not alike. ‘The iron losses are not the sane. | No belt 
pull on bearings. Must line up machines and use a good form of n 
Coupling. Sometimes difficult to set the brushes on the motor. 
armature is much overloaded. 
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FORFie.oe 
oF woToRs 


Fia.9, Diagram of Connections for Test of Street Car 
‘Motors, Prof, Putter, 
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Fi0. 10, Diagram of Connections of Modification of the 
Previous Diagram, by Prof. Puffer. 





‘This method is of advantage in the test of railway series motor 
moditied by the separate excitation of the motor tlelds, If the ser! 
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watts pat into the motor, 
Watts faken from the dyna, 
a one per gant ot tie « gombinution, 
jeloney of either machine, 
wen 





v= 
vet iv openly apple to rotary convortors, the belt bang 





‘hn sides briny connected Uy Wires; tap the fret mane 
hadi current tte nacond which nena a Muar fe 
Geator with anootput of direct eurvont, ‘To voly sxror (uawally «mally ty 








 MOTOH EFFICIENCY. 
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the ae when ont Ie 
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te Toa applied to the motor and. the cvunter ore; Ht ie 
aes eZ. watts put oF te generator, Me 


ae 
hen ‘i = 
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- PR Potter oc on 
= ae ron nl she, yen be Le ie Sepeabeliy “wot 
dar te tai, Sut a ee 
He deepmt he tr rag om nat and pean 
ra Ne DE, Ip der teat especial note should be munde of searee 
atwhloh mobor sumabare eFAtor ALMIATUFE TOLATE, Mod the 
swintts noccgnary to drive tho motor at the pe ere without load, 
‘The oownter torque will then be the sum of the: wig three Lees i 


W = F2R of generator nrmatury, 
i Cora nm ol oncrator arnatiy 
= Deuring sud’ brush frletion nnd Windage of che generator armatury, 
‘Tho fleld of the D.C. machine must bo noparately exoitad and kopt at the 
‘hye Joni (eats and ve Leste for army per ald doce 


ie 
Sut ontar tutn-any of thoxe calnintsons. 
tents After disconnecting eurreat from the motor under teat, 


SEA ca at ppt epee yn 

SE peg ee 

: : 

SHER Ge ringe nla oh ets hte 
1.0. mumnaer of revolutions of D. C. armature, 


Bite ALD, ©. armature, 
Amiperes at, C, armature, 


of MUrVe of thy power requied to drive the combination at the 
is ppnede shown turing the motor to. 
icy the belt or other connection aff, and take read 


altar to those mentioned abuvo, whieh Wil show the four nes 
HedetreteehsGocachioe witions bolster tas Dower necoaey 
‘any speed. of 























“tray porrer”* will be found 


W, = watts from bello curv, required fo drive tho D.C, mackine wx 
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sate 
SBE tere net wre orcomiron 
} Pe op 
ang Bas ale igh ant werent 
‘== Ineronee lo bearing friction of D. RG STS te aL NRO 
) = Inereas# In bearing friction of motor, due to CLOT. 
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there ara several others nxually applied fo the tn 
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‘voltages at tine motor. 
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Prom He te tho officioncy, apparent eftloleney, power fnotor 
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Nort..—Boe Flomming’s  Klecteionl Laboratory Notes and Forma." 
‘Tests for Fanity in Armutares, 


; Jvanoueter for testing the veelstance of an arias 
wgnieiseny ie farang or Tubian i Ce sure, alUvough He tee 
thenaste reeataen. 
st for cpen etreutl, Cra the trunes wi eoumutatny, sew 
Beasts aoe oite ania nonviss tay a Pow colin Sr asarage Vaeaaes 
s sores ad"In ths 2olowing dingestass oto 
in the dollowing Wingramns. 
the curtont indicated in the ammeter? toe 
tive the arhuatuce slowly by hahhy mid TE 
Drowk is Hi & Tend, Che Tow of carrent will 
atop whou one brusts holes em thy aoginent 
dn fault, Note that the brusher must not 
re on roallag. tase aruon Uc omblega 
‘nF ; 
aroma the daitéetion. af the Syninetee dete 
hut indicuts n broken lead, thet toueh ister 


tls of th th 
Ties it os ae io an- neo the Gulvanomelen o> two adiagent 


; worklug from bar th bar, The 
Hion Petween any’ two commatstor bars 
shuld bn suatnntinty th 


ta t aryature! ithe deflection 

fiatdony rte bs rat bs datcative of & high resuetance 10 tae 
iim tollowelng nga ates tH oun 
Mtalephone taonlver may bo iwed In place 


Wvanvietr, aod. the presence of 
‘current wilt be indicated by A ek Ih the 
i 1 asccreull is tine or brokan: 
for shore cirewit. — Where two 
ieppnk comic aiator. Tire are (n dontaet, or 
tool] hotwoon tw seignienls becornen short 
deur arhar wseraee: oe 
a fault iy. showing mo 
AEA tolephoud is ised, It will be FA. 19% Bar to bak tent for 
tine ita vermiinal Lemke are connected oper elrentt in cot, 
the two sopmonty In dontact Soe Woe 
ram below for eumiestions, "It thure be 


























short ofrenit hetwoon two soit 
Whe galvanonteterterininake 
ihionid nctide. or straddle thro 
commutator barr. The normal 
deflection will then be twiee tint 
Sndieated etwonn sro, segraette 
Gnu the "colle kn faaht are 
Fricheet when tha destortian wil 
deop. When this happens, teat 
teueh coll tor crouble sand ff tnd 
dually: it right, the 

The 
ae 














f 
$10, 20. Har th, bar ost for whort olr- hactivun 
GWihmans ct or between commute Mawat For eromnded armas 
lator ure Pinceneterminat at ta 
: Ralvanomoter on the or 
fraine of tho machine, and tho other tofminnl on the commutator. Civ 





THE STATIC TRANSFORM 


‘Tar static jausforincr in device used for ebangiing 
Jone oF an aiteriating circuit in pressure and 

tially, of & pair of mntnally inductive eirenits, alles 
seoouilary colls, and a magnetic cireuit interlinked with 
Aud secondary doils, “This magnetic eirenit ts called the 





former. 
The Grimary and secondary coils are so hat thy 
hotween than is very wront.” Upou applying au alterna 
ary coll anh alternating fx i set we tram core 


ne Inudnews an K.M.J. in the secondary enil in dined 
ratio of the number of turas of the Pred and gecondar 
echulealy, the ptinary ithe ed anon whieh the Ee 
1s impressed, aud the segominew te hy 

erate, 





magnetic cireult-ar core in transformers ts 
hoot iron or stool. ‘Tho following ote reprssent 
ferent types. 
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‘FIG.1. Cores of some American Transformers. 
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In those showing a double magnetic circuit the i 
and around the colle, and they are usually called th 
former. 


rimary winding ; « 
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lt up through 
” type of trans: 





Loss, Watts, 
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FEATUMES OF DESIGN. 


sult thedgtan of» evcceasful trunatoriier, the ature tobe sven parte 
Tusalation botwoss primary and econdary, 


Sal : 
factor nul exelting eurront. 


Ensulation. 


The oeutation of a transformer ty ai measure of Ite durability, and 
Weums be If 1g te Hot Woll designed and properly sheet 
Peonktown of tte inaulations is nota gui jet 
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FIG. 4.—000-.W. Bolf-Cooling Traustormor, W. E. &M, Co. Type, Oll-cooled. 
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© Heating Tent 
‘Transformers out of their cases. 
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‘The efficiency of a transformer is the ratioof the output watts tothe input 
watts, ‘Thus 


Output watts Output 
Input watts — output + core Toss -+ copper Tose 


‘The core loss, which is made up of the hysteresis lose and eddy current, 
Joss, remains constant in a coustant potential transformer at all loads, while 
the copper lose, or 122 loss, varies ag the square of the current in the pri 
mary and secondary. Methods for determining all the loses are fully 
described in the chapter on transformer testing. 

Tn w service where a transformer is generally worked at full load, wl 
connected to the cireuit, ax in power work, the average or" allay” effi: 

jency will be about the came as its fall-load efficiency.” Hy all-day” eft- 
ciency is meant the percentage which the energy used by the customer is of 
the total energy sent into the transformer during twenty-four hours. 

In lighting Work the transformers are usually connected to the maine or 
are excited the full twenty-four hours per day, while the customer draws 
current from them during from three to five hours in the twenty-four. AK- 
suming on an average five hours full load, the losses will be Shours 13% and 


Efficiency = 
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‘Comparative Expense of Operating Large und Small 
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Street Lighting by Are Lamps, 
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Variation In Candlespower awit E@ictency, 
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General Hlumination. 
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value of high candlepower amps in ease of 10 equivalent 
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Bife of Incandescent Lamps. 
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Lighting Table for New York Clty. 
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Summary of New York Cy Lighting Table, 
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ELECTRIC STREET RAILWAYS. 
OARS, MOTORS, AND GRADES. 
(from Pamphlet: by 8.1L. Short, issued by Waller Company.) 
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RAILWAY TURNOUTS. 














By W, E Harrington, B.B. 
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in box nt sonth switch, L—WSM, contacts WSB—RS, the 
allighta to groan. (Ths 'odndidion relative until the gar pase 
inger*” contact a! the trolley while striklug the ** break bars 
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WIGHTMAN BLOCK SIGNAL 





Fie. 9. 
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Fro. 3. 


ead, a magnet operating a red semaphoro and ineandescent lamps be- 
nd red glass dink. ‘This makes the signal visible both night and day, 
Als semap! ‘ays sot until he reaches the switch ahead ; then the con- 
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‘aching the switch he finds the semaphore is set to danger, he haa to walt 
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‘Two Trolley Wires, 10 Feet Apart. 
Spann Strain on Polos in Pounds, 
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TROLLEY WIRE SUSPENSION. 43, 





19, 15. Double Suspension, For Wood Poles, 


Fia.16, Double Suspension. For Iron Poles. 


TROLLEY WINE SUSPENSION, 
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h le-Track Cross Fi. 26, Track Crossing, 
FRE Over bape ‘cross Suspension, 
GUARD 
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et Ow Comme 22, RTHEET MAILWwaw 
(See Ohspter ons Gondoctnn” alan paper by Mr. HM. Bugera 
it “with other propervies teat Ces 
trolyole ie le deslrable £5 havo tha drop tn fail ive Lowes wok tous 
# See Trans 1. EB. for July, 1900. 
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a per ton of 2980 Ibs. @ 30.6, por Ib. laid 
‘Uso = 
= = tous (2000 Ibe.) copper per mile for 1 square inch cros-sestisn: 


r= resistance por mile of copper of 1 square inch. 
= Bost coontanloal drop par salle in voles. 


VE=ge _ (Roma, 
= = (EBX oe ma as 


¢ = VEER = 15.20 volts por mile. 





then 











all 
PSE ts necessary to introduce in the 
factors of the cost of the Booster and its lose, changing Be 
” and therefore that of “t," let 

oak per annum per Kw. for tnterest and depreciation on ot 
booster, say $7.50. 
cont per aniatn for supplies and maintenance of booster, say $8 
say the Sticcy of he booger par ean, 


then, $.001827 per k.w. hour. 
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Bias = FE = 21 ampores por equare inch as themost 
ent density for boosted feeders. 

Determination of the most economical drop, ot \um\ting Kaan’ 
eek, may be made by the above formule, bok calaulations maw 
‘by use of w constant, as follows, Let 








py 
the value of this extra current must be oarefuily 
ing the caicalations. 


‘OWER OF ACCELERATION. 
um shows the power required to, agcelerate one ton, 
reed, to, higher speed in miles per hour. 
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448 ELECTRIC STREET RAILWAYS. 


Cerves, — For conrentence in quickly ascertal 
ned fo ftopel acar ofknown weight uavder know: 
aul grate: the Curves shown bela haute boss enlouinr 
"Tie dusiitiics wich the rarkrur lino represent ate cet 
nuscutbuttrthe bonedt of those wis mise Se enfasiiee 

recat ke tikimiapeaplnsations Teorey Shenae 
{ower hurisuntal line represents the speed in miles per hours 
‘ivn of same line, the h. per ear; the oblique lines in le 
tie jer cent grade ne tasiFe om act line! the oilque 
iid aids ot eu€ the welght of ‘car ‘ao marLed ; while 
‘entre’ of cat represesta Cet. p. per tone 
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[CURVE OF APPROXIMATE FOWER OF MOTORS REQLIHIFD TO OFTNATE FANS UNDER GIVE CONDITION OF APEED AND GAD 
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46 ELECTRIC STREET RAILWAYS. | 


tlons being 7-volta between points on rails. ‘This of course mou 
return feeders, and in some Sagee “negative boosters,” or booweal 
ack feeders, 

‘The formula was developed by Professor Perry from Kelvin's 
following ls Mr. Sayers application of It to tramway work:— 
Formula for Determining the Most Economical 

‘Denulty and Drop In Conductors for ‘tramway Lim 

‘A= percentage oF rate tobe charged on complete cost of cables 

Tor use, fepresenting intareet snd depreciation and mal 
Houra'ran per sear, at 15 hours per day, for 365 days = S478. 
wo =number of watts continuously wasted in distributing emram 
‘would cost one dollar per annum at a rate of 1.5 cents perk 


100 cents__ 19.18 watts for one dollar. 

















vost of eopper per ton of 2000 Ibs. @ 90 c. per Tb, laid completera 
for use = 8000. 

tons (2000 Ibs.) copper per mile for 1 aquare inch croseection=1 
tons, 

resistance per mile of copper of I quare inch crose-section=0u6dt 
most economical drop per mile in volts. 


TX TRIG x 00 X10F K OIG, 


bs, 
100 















8 = 15.59 volts per mile. 


= 838 amperes per square inch, 


OAS 

It is obvious that the distance that the current can be transraitted t 
economical density is. 1 ‘by the permissible drop in the distribat 
fssten, “The total drop ls usually divided somewhat as follors a» 
Varied to suit conditions. 





Dropin feeders... 6. 2 2 +. + 50 volts, 
Dropintroley 2 2 2.02.22 D ia 8 
Drop in track return |) Beis Be 


Drop in retuen feeders (booateay” 7°) 2 bonster. 
‘Thus the distance over which an tnboosted feeder will carry current 
out exceeding the drop ts determined ae follows : 
volts beep in feeder yon arte, fu eis eats 
{= 1537 volts drop per nile 
Where feoiers are hoosted *it is necessary to introduce in the form 
the factors of the cost of the hooster aiid ita lowes, changing, the rl 
“Sine therefore that of "fy" het 
‘2 =cost per ‘tnnuim per kit for interest _and depreciation on et 
Instr, ay $7.00. 
= cont per anuinn for supplies and maintenance of booster, ay $250 
say the effilieney of the booster is 5 per cent, 


ath. _ $10.00 _ § coset per k.w. hour. 

















then, 








35 x15 
100 
amd = se aor ayy = 8:37 Watts for 1 dollar per annan 
(cer + EXE) 5 BB 
Using the same values as in the first equation, 








X60 5<T02 OR 
‘06 Vit = 12.76 volts per mile. 





= 1250 _ oat amperes per squareineh as themort economies 
‘at = eg = amen ernareich atom om 
Fent density for hoonted feeders. 

Detorminution uf the most economical drop, oF Waking Satan 
frietintay bo matte by the bors Tormhee oak eA BAT 


lited by use of & constant, as follows. Ler 


HORSE-POWER OF ACCRLERATION. 44 


castant for ampere miles. 
(eintance of track por milo ny 0 ohms. 
it of drop permittod in ralis, ay 8 volts, ‘Then 
3 

4 = 5, = 108 ampere miles. 
ach car requires’an average of 0 amperes the limit in miles 
"drop of 5 volte would be for the above values, 165 (20 x n0, 
'= 1.68 miles, provided all the ears were buuched at the end. 
2F two cara, wore ascending m heary gruo, requiring tho ea 
current, To determine the greatest tength of track that can 
iiy used without feeders, where care are scattered along a Ti 
coe Intorvening between ihe powor-house, or other power or fee 
and onch car are maltipli by the amperes required per cx 

nit lred pe 


















inof these products inust not exceed the valueof How. 
1 ear 5 miles from powerhouse, 0 amperes c= 10 
1 ys ee Tom Porerhomse amperes c= 
a a ee er 9 c= 8 
peg ow en uD ON Zao 
‘Total «= 200 


cage ¢ = 200, oF miore than the lint of 165; therefore the feed 
52°08 ‘Getwecn the third and fourth ears, and the istauee will 
‘auch by the grade between tere. points, for it is obvious th 
Sbove care’ will take a much larger current than stated wh: 
‘and the. value of this extea current must be enreful 
3dffefors making the calculations. 


HWORSE-POWER OF ACCELERATION. 


owing diagram shows the power required to nccelerate one to 
thing at any*speed, to the nex® higher tpeed in iniles per hour, 
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Power Curves. For conveniene in quikly ait 
ror required 1 
Shed and grade, the curves shown below hate been enleal 


the out but for the bene of those who may be 
5; the ‘ollowing expiniation is Inserted? 

wer horizontal line represents the apeed in miles per houl 
portion of same line, the h. p. per ear? the oblique tines in 
fot ie ber ean grado ne axes‘ aael ine! tue ob 
hand side of cnf, the weight of car as marked; while 
centre of eut represents the. p. per ton. 





























(CURVE OF APPROXIMATE TOWER OF MOTORS REQUIRED TO OFEMATE CARS UNDER GIVEN CONDITION OF BPEED AND GRADE. 
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<1,— Multiply figures in table by welght of motor ear (La tons) 
fof trailer (Oh tons) that sail! motor cur will han up corre. 
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© of Several Types 95-H.P. Motors. 
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PRACTION, 451 
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AXLE SPEED, 455 


AXLE SPEED PER CAN WITH DOUBLE MOTOR 
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Formats forelegs approximation of current required to propel a given car. 
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RATING STREET-RAILWAY MOTORS. 


Condensed from W.B. Potter in Stroot Rallway Journal.) 


Riso of temperature after one hour's un uuser rata ful oad wo, to ex 
good TC. Foon ‘hoing mantined at 35°C. “Avernge load form day's run, 
‘Should not oxcoed 0 per-went of Ite tasted Full Load, Which Will give a rlst of 
Temperature of about a? G. 
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4S ELECTRIC STREET RAILWAYS. 


Power Curves, — For convenience in quickly ascertaining 
rower Teyuircd co propel a car of known weight under Knows oo 

Fiscianl grate. ‘arves shown below have bean calculated, 
Tie ‘quantities which the varivas limes represent 

tte cut, but for the benefit of those who may’ be unfamiliar 

frais the following explanation ia Inserted? The lofe-band 
fewer horizon Teprecents the speed in rai hour; 

pevriion of same line, the h. p. per car? the oblique’ lines in feft-ha 
at, the per cent grade as marked om oach line; the oblique ling 

hand side of eut, the eight of car ‘ae marked ; while 

centre of cut represents the h. p. per ton. 
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‘CURVE OF APPROXIMATE FOWER OF MOTORS REQUIRED TO OFTMATE CARA UNDFR GIVEN CONDITION OF APEFO AKD GHAR. 
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‘Theoretical Horse:Power per ‘Ton of 2000 Live, 
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HONSE-POWER. SPEED, AND HORIZONTAL 
EFFORT IN POUNDS. 





Miles Per Hour. 
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QUERED Fen DOUBLE ANP SINGLE 
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TAL EFFORT EXERTED ON CURVES. 
Pounds Per Ton. 








‘Radins of Curvature— Feet, 











‘<amiles per hour speed on curve, 4 ft. 8 in, gauge, 


Bmacons: WEIGHTS, ETC., OF PRINCIPAL TYPES OF RALLWAY MOTORS — (Continued). 


(Georg e F. Hanchett, in Street Raiteay Journal.) 
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AEE WEIGHTS OF TRUCKS. 





Kind. ‘Weight. 
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Emergency Braking of Cars. 
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(Corrected to Nov. 1, 1900.) 
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APPROXIMATE WEIGHTS OF TRUCKS. 
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HE, P, =,000007H0 x inin. wheel x rev. x Ibs, at periphury, 
1H. P, por Ib. at periphery as one mile per hour = ,002307, 
‘Lbs. at periphery por H. B. at ono mille per hour = 974.9. 


Note on Bmorgency Braking of Cars. 


In chee of emergency, motormen often reverse the motors, which etn 
the ear up wititn severe fork, and. Ie quite apt to strip gokre.” Tile We 
ok Hedeeniry and should ver" Ye doue untews the campy av ts feat 
‘thrown Of, then when the motors are reversed and the controtler handie 
thrown around to paratiel, the motors Will act ae generatore and will being 
ke ent To an eae stop Will na harm. ta the aphens. Ti case clr 
breakers are used In place of tho plain ennopy ayetahor te reversal af ho 
auotors wil drwy so inuch current fom the line Hat the elroull brewkers, 
AL properly adjnsted, will open the alreuit and the contraller aan than Dé 
{abd a saggosted nhov. 


COFPER WINE FUSES FOR RATLWAY CIRCUITS. 
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DIMENSIONS OF BRILL CARS —(Cymtinued), 


DIMENSIONS OF BRILL CARS 





Romarks, 
Lease. compe. 11 
HBog. compe, 8 
(Total weight, 10000 Tbs. 








sy ESig382 12808 2 
Bs SESSE508 258298 8 








Linowiny Sines | S8989S385R8ER8 5 = 





Widths. 


Lengths. 




















Size of Car. 
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Kind of Cars. 
closed, 16 ft. Borly7 
open, rented. 6 
(loved, 25 ft. Body | 
Open, 12 seated . 
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Note on Motors, 


It had hoon tho author's intention to fnelusto in this shapter eats amd de 
uvtulous of the standard snotors wud generators; Dut ik was found that the 
Sinndnrds ohasige wo fupldiy, and praties deinahied ao maxny ad vers 
fied forts of motor aud aguipanoht that {twas lupracticable to snclude 
Buch Cave Without danger OF noldtendling the wnrineer, 


ELEVATED RAILWAY TRAEN PERFORMANCE, 
(B. Me Short) 
Data Shoot of Train No. 1, 


Blovated Railway Service 
Nuyber of care tu tras ew 

Fal Rpood of (rain on hovel traak (mntlek per'hony) + > 

Average speed, stops oue third mille apart qnllee por 
out 








Motor Car. 


‘Welght of motor oar body . ea scuok 

W Tothtrucke Pie ee 

Walght of tio motors 

Woighit of seventy-tive 
‘Total weight of loaded motor our. + + 5 

Number of motors on motor car “ 

sGammerclat rated power of oneh 

Sate constant lond for eawh = 


? 
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Siete) wee 5 Se 


Bare tompomury tructiesefford of eduiginent > | Lbs 
avccimuat enlive ert of eyuipmene ss 5 2 Saag 
Tatkent weight on Drivin to total weight” 5 2 > 2 yor 
‘Aahents $3 <0" Lbs, 






re Sees anpe tie Nag PIS 
Hallo of puto tomporary irxetive atfort to avtivoston 
Heatlo of ate constant tractive effort to adhesion. . 


# This iotor Will deliver the commeroinl razed out 
out haating wore than T° 0, xbove the surrounding, air. 





for owe howe withi= 
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Shcreteh tage eae 


‘Train Performance. 

















Hore | Currentat | Speed-mi 
‘Trock. | Power, | 600 Voll, eriioues | “Ree 
Level. . 2 | a7 amperes a 
erodes.) | 2a | aoa prt 
rode) | a6 | ap pre 
rude * 0 | 8 , wo 
: Data SheCt OF Krai Nok 


Blevated Mallway Servier, 
umber of curs in train 


aver 





Welght of motor cnr body 
Walght or both truely.) 
bot two motors. 7 
Weight of 70 pussenuure) 
‘Toth Weight of loaded mover var 
Numbor af motors on motor er. 
Commorelal rated power of oad 
Sato constane loud for vac 
Safe tomporary tractive aifork of 
Bate constat bractive effort of equ Het 5 
Wealgiton ave lhe | A 
jaf welght-on drivers to weight |. 2 5 
eirebomrn Rs) 
Ait Tunmporary imaative etfort to sdtiesion, 
Aavio wate commaut tractive effort to mdlueslon = 














ene Train, 
weight of londed train... bee 6.6 Ke 
eit atte ncaa aa 
irlagntat qtfort per ton uring. woceloral One iow 
Muxitmum power In aveclorating anifos in tofull speed | > a2 TP. 


‘Maximam ourrent at cea vouts, woe 
Wed Ke ee 5 oy ee es 20 Ame 


eons eran witfrnly ve sanju | | At “Ba 
im Hareb sere yore Wan aie? Re 
Petetbenay ettore treuetncaniog eeltters treed! Seriya ame 
Power sonmumed, train tunning uniform speed. . . . . . oO Me 

* This motor will deliver the commercial rated output. for one hour with. 
ont Heating more than 70°C. above the suceonndlag alse 
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ya trea tte the iil 
aceite ua sao 
‘Wiring. 


‘This work snp be ecnvuniently divided Into two parte; aamely, root 


toot wiviug jnelden the sunning of the main eireult wire tron thie 













teolloy rp OUR {oa rae eS ly. st wee COrmeY Pont peat of Bakes 
HEISE rt eco eget rietatc ae 
rou ears wires He on the toy siihe aoe wor ete ey 

Soa online osteo sala rated 
Sai nat Se ee sae ie UNA 





tna i wine so ih whine ne Geo 
ion to exo waar” ho moulding shone" 
wee aiore wining skool be ee Ie pots atta A oa at bale 


aZigar wiring may be done aftr the ear ix completed withont mjuring 











Made up cables givo tar Dotter protection to the 
cablor Eotnutall than sepuruce wives, and” chon We teed i Thi lg 
Teporatbte, Tho phaplost way of Uitalling thea on box cars eeome to be 


followa: 
-Afige the nur bodies aro propared usooring to the nbore intruction, the 
caller (one 0 Side uf recur) should be rum un trough Doles tu Uae plate 
Farm, dnd the connections made to the motors 
Afice making councetion to the controllers, all glock should be pulled up 
Held It eaferably” wEnineE EHO. 














‘ws vo sat UNMET EG wee 
ide of tho aur, by cnnvns ov lonther straps. eae witld project 
Civogh the sie for wuAch ment to the fleaibla motor leady Just Cur enought 

fo for eitvration- 





{pari nay sonneatin nao aici 
No rubber tubing will be requis 
Triplehralted eaiton covering mut ‘iindion ta oven 
trations Ch unt should Be throaty ater 
Pe of Pho'eables "7 Che the platfor jould be supported Dy 
thor oon sorewed to the floors or sills. ‘Cable shovel never be bent 

aba shat The ground Wire shook rua adder the car Hour ratlioe 
hanna eats: 

oh ee cables must be nn andor the car, and should 
vere ‘eo Zoo Mone with cleats or wera 

Syigoodl joine enn be mads by separating tho sitands of the tap-wire, and 


i have a weuther-proaf, 
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qoantiry, 
1 ‘Trot a 
$ Bei Bane: = 
2 Motor elveult ewitohoe. 
1 Es mont in 
1 Resistance box. . z 
1 Se I 
a Controlters dielites Fits gonrt andipanst, supporting drmekes, 
Waahoy 5 
; sling ian v8 ‘wo daavor) 





Ons cena cana oer 


WM No. OR & Ss, sh nA WICO (7.081 Th.) for root-winind. 





» 100 or 150 umpire Tunes. 
© Two-way conngetors)| in: Role, So. 6 

a tirass in. wlan. 

2% Brass Hat leat fai ot 
uo Ine No, 4 1. Ht biuss Wood serews Cor brass Oleatan 


rooad chants, fin. alot. 
Wood! sleates islet, 
Uhm. No.8 AE. Duel wood screws for wood cleats 


‘Ohonito tape. 
fheal¥e tae 
torinl for net of cables na follows 
No.6 B. & 5 strand wire (64 m.), Ringla brat, 
Nos 68: & 8. strand wire (O01 in.) sriplo brald for tapas 
Brave marklingctnge, 
i} in. aatton hose 
Kubber ta 


Paragon 

Bolder. 

‘This material ean be procured made into m * wel of eabloa™ with- 
‘nt extrem. > 

a Cantighting equipment. 








CONTROLLERS. 


nnder thls bonding are included all thas ts pe of appliance uned for state 
uae Honing hs ceotora: nd ota atthe te eed of tne eae od 
Aol alt the’ format oni wit dltrent tp hare So ab 
(or ths worcae ontcollets tans moeesear 
cribs Ny olbae hers, war wil nny availed Uesciplon of tose non Ws 
‘niente 
ro distinct faring ars now mioatly tn w¥9; one, the magnetic Dow-one Eye, 
made dy tho General Kiectris Company nud weet hy the Wentinghose Evo: 
i anutactyeing Comnaitys the thr the ameale solonotd hiv mt 
‘penta bythe Waker Seana Wevaldh, Oh 
“rh pinelale of Hoa jnagsetic iew-out type way fist developed by Prot 
vite Rhommon, Los tht an sleetrio Apo tn attong Mmogonie Held 
Bown out-of line aint ‘watingalshed or Gut ia two, ‘Chis duct i taken 
Wantage ath the controller sut the Goneeal KipetHe Compan by WsiN & 
Thom eiesirosmaguet ws oatingulyh the nrve formed af the eontaat-potate, 
wihnas the etreuls wre Droken. The construction ls shown tu the out of 
collars forth Kp, folio 
Betiee sory of the soleueld blow-out of the Wallox’ Comany Ie eald obo 
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eee ‘Of abort. circuiting ove of he D 
ae ee ee 
rae inchs rte novesvury contacts nid Connection for opera 
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onsor hate uate Ay anna eletanee Say 








Fra, 37. "8 "Dypo of Khewstatlo Contrelter, 


Rbvostatic Coutrotters. 
Mt LL Comtrottor, 


Designod fir ono 500.3. moto 
ate "ire or une With otar asng thereto oF full Heh, 


pumaber of notches, 
tite WV eonteoliot bus bib known ae the Kit oontrotler) 
12 Coniroler, 
Bvignol tor we ip. motor 
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PE eile as fe 
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‘Yor the surfiice sontant system, 


“mnetaliio oF 


Piteautt oie a een ee 
Hroullled strut, x 
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‘Similar by handlow 





Jaane scaoeting wire mad Bowrout call 
inky.” |_ of largor enpusity- 


at 





}, Bluitlar to B-15, but tae cutout switeties 


antmged for matallfe sixeuit systems, 





Baraiier, Slinllar to B-2, but has eommectlng wire 


Anu blowout dot of ger oubaetys 


|Siniiar to 123, but hax aepsirate brake 
FP haan, 








‘Rewurka. 
For jotors wing either Yall or shunted 
1 felds for rouning pol 











he ‘connected permanently In par- 














ry short and specially pdapesd to maining 
rou MPSA] og |Todomottvens Motte are Bocmscted per 
in manontiy-fn parntiel, 

3 (Meo Tp] —g —_Sotors are conneoted permanently ia par 
115 |" Soto | ® | allel F 
yore Pourant.p| g  |Sladlar to ft, but has reversing ewitoh 

a | Mators. ‘ammuiged for four motare. 
Sina to HCHL hat Tas resigtance OF 
wear Ong OEP g trolly sido of the motor instead of on 1 





ground alle. 











Sluullae 10 Feit, Motors are conueated 
vently in parailel. 








Mo 
(parallel. 








Fras, 40 andl. Diagrams for Dimensions of Oontrollers. 
‘Dimensions of Controllers. 
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ron, 42 and 43. Dlageams for Dimensions of Gontrolters, 


THE SPRAGUE MULTIPLE UNET SYSTEM, 
DY WUASK oh, SUNAGUE LX BENE HALLWAY JOURSAL MAY, 1901, 
‘Thik aywtorn, batatly dativod. ie a system of coutral of railway motor cone 


trollers, whatever thelr aomber and wherever situated In a train, 

tdwcondaty olectrie elena common to ait tis cars fron or through whieh At 

Is doctrod to exorcise Gontrol, The aumbor art of ogi ow 

pnequl units, and to # certain extent the character of these units, t 

ims ia, and variation in ond relation Is Iikewise ® matter of Indl 4 
"The system covers tho entire rangy of secviee from malngin <a 


enn tnilependent Wit, tom train of any length equipped With, fs Muelt oF 
Tine juirod. 
pOWOR ma rom = 


Rach motor oar is equ! wills complete a 
seh eee Sct re ert 
At can be operated from OPS. As Walls operate other cars This train 
ine torminatos In ehr gouplere under the platform at ench ond of the 
car. The tralu tues on diforcut cars, whether equipped with motors OF 
Papa ata met aie: 
ven mE at, 
ian Od 
Ie 





sp carrion oly Tour oF 

‘Thoro we ng gronnd witoo oth tho thin I. Pry 
ecopeemors. theives ure eask,costeueht oi hen erent a he 

Croughky inattated and the 
rotected from smochanioal tajury, The traly line Ia complete sted 
the local irguits am eaah cat, ‘The opmratlng relees oney 

thotealn line on oaah oars are nah, repmruicty pretectod oo tek hehe fete 

ro cwpnot hopectsry with the of lon of uniifectet ears: The operat 

{inno way affosted by chang in the seq uses of sure 

‘The brain tino ean be: if ‘ut off from the Toon) clrenite on any ear. 

The joo! pilot motor clreml and main iolor eireuite are nde lent of 
‘the train line, 90 that no devangement of inatn olrewite or apparatuy can Do 
Soypmmuntented tote. 

PALF Of MOLOFE le gontrolled by the Joint operation of mapeed i 















troller aud revorir. The main circuit ty opened ti . 
Any derangement of older rawlers that ent Inoparntien. tes genteel 
{nteresunantion of oporating circults, that current want bo cont 
1 

SE car astovasoslly goers ke aceceat fopih fo fia kan add barony 
eon etient nasetoyoflon an operating tnypmadent of ce motor, 
Menune/arn ain providing to restrain the eurvont ¢npat at wil hy tan 

‘Protection is antomatioally provided agginst nny improper aperation nt 
is austen weitah, OF Meplecenant ar tatlure of ony Ba of Rectpaiens 
Tn any case, Ee FSU et follw'n mavens ot ho a 

‘opened ‘apporatiie Fen 

Tnoporative, - . 
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Fie. 45. ‘Typloal Ciroules, Sprague Syetem. 
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Fis. 47, Behomatic Dingram, Control Clreuits Only; Without Const Ratay. 





‘The pllot motor ts governed by oithor four or ive rolays called, resped- 
tively Pthe Sranatt-Suertea an Shui etaya Pe tomate 
atop" and the throttle,” Since the "automatic top” also bas coast 
Telly cotituctt, the auparate cont relay nay be discarded, 

‘hie running” porivons fork pulp of motors. — the 
tion, te aetice poultion, when the tWe motors eee 





“i ure tf — lon 
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face I alt for the purpose of ew'ite nnenvy 
Suchianon elevated and suburban roads, winor variation of ranaing speed 


tn olther the it) ation of Lhe Hore by 
Paatltenorie nip prnsticed, aad hover necessary wnve in starting. 
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ae gence, beckuse the relay ayKtem ati 
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provided. wich tthe extension of the plutturin-awitthy i cot 
dar theo ced gran cables gr gc oar erinbuadg atthe 


ible and reversible train a 
Sat “plas with complimentary euntacts cule ara 
soamnetvad 


tien ener? ‘hone tra 

he oo sapling hows that the eomrrullig colronite are ate 
Tauttntly patred to neuro proper operation of tho vist taal sonteolehy 
from any master awlich without regard to what ary the hat entls of 
the care or Whine Wy Hint muntber or Koquenen, OF aw dhe jumpers. are 
Foversed, or whuthor, ne In practice, they ase souplod tndiferoutly om one 


sig orator on th cars, 
“tite conten do uot oligo thele geubied tn tue winery OF 
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“eit szgninalon, motor’ moans any slecéris motos aemied on wett and 


substance. 
‘oy ona ‘wsod for telographie, 
i gureent eater “urna exeeeding oe 
sagt e the wong” ‘has che same remning or meanings as tn 
Megulations. 
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Modifications of the Syatem. 
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Vie. 106. Seotlonal Rall Installation. 
GENERAL ELECTRIC SYSTEM OF SURFACE 
CE MAILWAY. 
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FIG. 108. Plan and Section of Track, Monte Carl a 
Glonsral Hisoteie Gormpanyns Burtaed Contech Bywtern Ise. 


Kurface Contact Switch. 


The automatic writahes are constructad on the solenoid. prinalnta the 
armature of core of Which 14 employed In closing the contacts aK KboWs 1m. 





Fro, 100, Automatic Switsh for Open Conduit, Surface Plate Contact System. 


ceharging 0 
Tor connections to the 


In the vite ta at He nearest rae 

tioned/and tere Bowie Aes en wt 

es to the battery elreult on oar, * 
ery connections, fe woukd be found convyntent fo dele 


ie renc ane me cine near 





‘mistakes In tnaking connections with the ear” 


Motors and Controlers cep 


‘The motor and controller % ith th fate contact 
eae ees ieee eee 
And out the storage battery while starting the ear. : 4 





Me i operation italet plate mystery A 
vhe'treofthe treatin afew eenerl nent sa subfent 





a 

quantity of Hor toraporartly over the 
ila. arth ae the. Lea eeu ‘water woul Hot be 
short ere: this condition sheuld not be: 


to 
orvate a ahort otreatt, to 
‘let aay ont af tae 
utente auth should be carefully tnepeced and all ett 
arts dhorouuhly eautedwidh bonvy ta ain and 





suns cea na 
it, oF gromnts: made frequently, and all fh parte kept clean and free 
sybian 1 a mint a 
tint be oeemicusip tanec  e “ 

The: batteries should be, ly boxed and shuuld have the cus- 


tomary care Which ts necesary to keep tein In good working order. 





DIVTRIBUTING APPLIANCKE, ~ O19 


ssh Stee ate. mia ar es 
Fee a aca = 


Sonne siete 
% = 


cathy ai eta oa 
thence ae 


prnetie 

















‘Por Cont Eficlonoy at 
System, 
Roll Lod. | Malt Lond, 
1 
ice hie aa 8 & 
‘Hydraulic low w oo 
Fen @ “ 
Sy eee nae teeter a ge @ 





url dhatamees out of Doorn Dy wtte Cope ts acts used 





enoeator (40 werviag oi eto une inthe 
aoa tragmlesion ty iu 


yg in'Encie Ste not 
sajtetbution in th Ea 


eat fo shy trans iis erase 
il Mt ‘io making peogrese, 

‘rarumston i eastie and workinpeabieto Yatled oko, ant Dae 
na hare eeu eipiy pacasehanal te ove pcbe plone; Tike of 
rowel Ine Bast tw one 

Eee rane mae 2 opactt as vovélationtoad the hshating ot 
}, and bas cheaponed the product by eaabling mere work to be 











0 law, te tong 
" geatinively sed 
Teal short sgance tranpanlstan foe whleh elder dirvct euseoat oF 
jaa aterm cirreobar bark my) wth ihe ure athe forget 
Jargely predominating, ow m to two fants, ay the much enrler 

levetoimont of rect cir mn mach ‘Yo the tie Tag a Ineee 
orsber a Dnmutoruceen Sry eye ding’ of direot ourrent 
Iiehiners, Hoth topes of current have thelr apociat advantageny nd 
anginegeiye pion ian wih protmbty ormat ‘divided ne towhtok haw tha 
grower ¥ 


Long distance transmiesion ty now nooompliahond by both three-phane throe 
vitor End by the trothage fvurveite eyevousy wil the Sorter yredous 


Bleotrle Power Traxnmisriow may be divided Into 
Aion, for wid, ih evaton ermating pean 









duu 
sia 
Hee it et 








100) 


gs 






















































































Curve toe rete 
er tan tna ont Pat kidwacenoutin cents at VaR 








continued after ull tho notive material hae heon 
Tov and opongy Teal 9 sagas ee 


oe 
jesioeset ea a , fe Fisccutlta 


balow ts 15 Vout, 
Tike! eur ieaasit oe salt De te i i at 
Towing equations aprons th spear ka ‘in the 





1. fn charging — 
(a2) Poniting Ploioe. 


SP) 04430, EOy=BPDO, + 
a ‘eae $ vaca 





(h) Negative Plates, 
BPO + OH, IPD fF ISO MT AOUg, 
T. In divcbarging — 


(a) Ponitine Plater. 
SP HO, 380,Hy}SHa= SPO af SOM, 
Ses) mies Neckaweey 9 Sa 
BED ISO ME + O4=8,P {9}, 5-901 teal 
er iterial, then the followlt uation 
11 tha po Toad wate the uot materia owing equations 


1 tn obangtug— 


ae aie 
ai ii 


BPD Oh a Seo} 80, b 70% 
U1. tn dleeharging— 
(on) Positive Plates. 
SOO; 284g 2G, SBN | 10H. 
(hi) Negative Plater 
Ab} 280M 20,= SF DoF 





‘of Tquids, 


pr 
gen 
amar atta ee 
Set Ninh ir iraryecsio, ac hu Deate's 
emiey toidisnard all brdrotatar wih at 
tthe will fond ta tormg 00 ners 
deny ta afl the more to be indorsed, as 
ie deen ils prataning to lvoe pakoy ain 


belng, Dorhaps, a» much quoted we any. 
Beaumds's Hydrometer and Specific Gravitios Compared, 
























































aids | Li 
ig | Ha | Ha] Hae 
a ‘than 
‘Water, | Water, Water, ‘Water, 
8p. gr. AD. gr. # ‘ap. gr. SD. gr. 
} a) ug | a le) ae |e 
2 a 130, 40 1307 
3 3 a ee 
5 a oy fa) dag | ae 
; i Baht Be 
H n a ei ce 
. iow’ | eo (Gt) tar | a 
wt ‘oot | 3 So 1) ie | tw 
a 86 nu TA 68 1007 153 
th 0 Rn a wo 1052 ery 
i |e Sle baeaicos 
8 me myn) ie fc 
t |e Se. |) tae 
B od a BA pew wee 
Ps f Dilato Salpoaric A 
raeacn Ss at Tee. C, (90 
Per Cent.) Specttie ‘Per Cent, | Por Cant. ine ‘Por Cent. 
of HEO,. i! iravity. | OF 80, | of H,80q| Gravity, | of 80, 
00 ait BL a bd 19.97 
re 4 oth bi a ie, fen 
B Sheer eben ae Ihre bet 
a Tae ae i 1p Vien 
wa 1s 200 a 112) 13.87 
Fea Oe Pe 
S 11s2 AO wb 1100 at 
a am 1.58 oy Lo. MAz 
Ordi iy the donsitics of the 
aS ap hete b Samenllanen! Dilute Acid vary betwoon 


r pa 
INSTALLATION AND CARE. 


Calls should be; so aa to be anally neceantble for 
h a Tinaiore than one Her, 
its cin rte Rises ere as an ae 


We in trays om m bed of 


“i 
saad, ond the brays be sok om rote Wooden ‘Are aebs 
Bruhn Signa See Sinai reed 
‘Cell Connections, o-% ra 
Iu pmall colle the of one usually 908 
‘strap that is matee hates ia eciy 4ve, bags “Of 
eaten ih nad aire in 


‘heotions \s 
Se a ee ey eee 


be larg 

Te onal saeulee sae Sain 
Le a Soe 
‘conductor may be suiboddad it this Tend ateap. me 












Lead-Ruraing Apparatus. 

‘the amo fu the apeoiat of not oxi 

solag the loud, atl fe Uueretore une capetkgeen ont estes, 
sat tha ren wean the sheet ng 


wiolada fa te nue aba 


inlxed 1 tht has been. menor by & puMnp oF 


"ti tag OC chi Barack reduhteh nome BL mid proto, 1n join 
tg th edge of ga Tandeas Ht ts vOry uph torbock agar all rlsteser: 
infnats, yoo atl lead connections of way Kid, uust bo seraped elekn botore 
soumeoting up, 


Ackd, 

ony Ghat ada togms sulphastchoult be sbeds Bedinures pipers afd ee 

{atts namy Impurition that are apt to be Tnjurious to’ tho platey, notably, 

coppers iron, uveentc, nitric and nydeoetlorie nel 
lel toaid oily’ bs dau with pure stilted water, aud the acd 

should aiwaps be poured into Eke water, And Lever vice verdad, Mix carofully, 

{a‘tuoh hioat la gonoraled. 


‘Tests for Kmpurition, 


oo and be solution of hy our wuly 
Sines, mare Bahr ie i 
th Sead ne pein tee tate hte 
tts oneal shows pene eer nah yt et el 
amatt itity of the dilu oloatrolyte a tow 4) of 
ree RO tat Rents een até wait few dvoye o€ ohation of yotaw 
slum-eulphoeswuide, KONS; the presence of trop will be shown by @ deep 
‘red color. 

‘Mitete Acta, — Make up « solution or diphenytamine. NN(Gulf Oye fol 
PTR coon ee 
or Gail eerste ne roe ar mages arom 
of tied Sages wears 

Hyd rechlort. .— To & ixntity of the proposed diluted 
electrolyte iro. Srerceet of mitt, nett HNO oat thin in teat 
taihe, than lat oat 


i me tae Soy three irops ot iisiaot fina 
































Bre! 


esr ee oh vaya, ‘at 





Bs oN the above 3 sey repre a jasetan 
a inch ey 
ney om ane eae th rayay and hen 
For Kare Oflce Buildings. 
Rts ‘the aame advantages mentioned 4) the abowe | ly 


ite ne well bo large inolated plants , sume of thiwe in 
‘aang ors 've thin a large proportion of the central 


otutlonie 
ee i rati ean be ape wii tho 
hy fond pen om mee eH yrtty hoary four ant 
ray ; Rees 


via eluent. tt 
Tutt new 
fas hE n mite oven hind is ting ose conc 









Shower sume up in gu 
nlorage battery can alway 
Reunwing ths dy! 









Wor Small Esolated Wants. 


Tz a ai far frou. any sen 
first he aap, abe one oh enna ie 


nai weer Sa Ae aa cima fon Bache 


to 
Tanengo when tier tes staal aioe 





Telephone and Telogeap! 

Many storage eelin nro now i 
tuty hve repincod tanny budteds, teh Ehotbans, 
Miscellaneous Uses. 

ve ones ar mato oarrige storage oom sar watt adapter 





howe work, Where 
uvity colts, 











“Healbclghtlig (done tA gma extent DY stor 

ja to A wT 
fa Fase andl rtraan mi ive etton Meepatlty t worge bade 
rr 


‘Ntrwtoara ara oonastonally equppest with «tor yp ce 
incall have had a procartows pucceys: ae 


ENSTRUCTIONS FOR UNPACKING, SETTING UP, 
AND USEING STORAGE BATTERIES. 


(By the Electric Starge Batvory Company.) 
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BATIERY POR PRIVATE KEAIDENCK, 565. 
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DIAGRAM OF CONNECTIONS OF SWITCHBOARD, 
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580 STORAGE BATTERIES. 


600 K.W. TWO PHASE 
500-VOLT ALTERNATORS 
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CONNECTIONS FoR 
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F16, 96, Dingram of Connections of Storage Thattary for Chinago Feiison Co, 
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‘on some common factor, auch as the following items, tho selection depend: 
Jng on the speatnl eondistons to be Aited:— 


vale et pt 


Change and discharge rate in hours, 























SWITCHBOARDS. — —_ 


For Light und Powers 


ean ate aasrareest aoe eteae 


direct! 
ceo in WGN ane soda 


(2 
cdistanoe from the controlling aa 
be furiter dividoy inva Dlcest Currant and Alveruating Current, ot 
Afenumerons and distinet slusoae hier those. 

Mndara ewitchbonrds are me of ste of marble panels acl baring 














ion 
LATOUT OF SWETCHBOAIDS. 
tn laying oa bulingy fr contra tations oF tn ent 
bend gual by eatek tn nace panes 
both back ‘aa in rou ta nay Fane Na “letyical 
‘ivaatnupotsly O0.2-gallary ovortoolclig tke teh poet i" 
tion be given. to ther ‘OE wltehioara. 
And tender nicht contra, unseen “and epenne cm 
‘Switchboaris aro. now standardized, covering a - of D.C. and 
ALS goneratory aunt tenet akiwoagh of sate, Abate ‘ean 
inoet'npocial cditionsy whigh, Mowavtr, sat ba wick by alge 
Oe ee So dard ci spe ot 
anececan : tei R vt 
inpllcits; ee alwys to be dvotdeds iu would teen unk 





Staton, Are grant majoriy of gases to have more than sueot of bus bom 

Plalaness, combined with neatness, and symmetry, ts much Wy bo preferred, 

‘And nothing should be placed ona siitehbourd whieh Ns 0 ‘other funotian 
oe exvanston 0 wwitetiboat expert te Hye thes 

‘extenslons 10 site expooted whist te uamely thi ean, 

Pansle controlling gunsrators sould be togethor i one ond of ine awitol 

nerd, anid (Ose mee! feeders ab the other end, Wi ash someon 
‘eet 











ole are teed, t Pat pidsed hetwoen the generator an y 
course, whos amidclns are contyeited ‘nt & distance: tii ole eed Wut 
De follows on The otter Rand, Wi often fdvinabips ia prt ate 
plify stution ‘to aura enpper in te bussor, to intermingle the 
centr au fond tein | ven he ean ia alent to uu 
‘sgonoratar controlling and hidleating slevices together and fikow 
for the fe For ordinary DE. Svtichbourde Steet ie Male cate 





hesuind ie panel Tm ny sad cere OnE to ihe clear apne bel neh 

sonnoctions on. pit of 3} to feet, Por large Mark and most 

‘3: work [tls bry afte hoseskir (have Gtais foot vehi pn 

oaths Matetonslen work of SI) ote und hore, the ‘ca 9 Tootrie 

pany reinove all higli-Wensiow appraratus trom th face of the board; 

Tha eitdhes Deby pinged in Aeenrook compartments Ot Ms 

nt operated mectunteallythrengh bell eran: ahi tevsry 

Dandie on the panel, or oleaketoally by moans af neon troll 

Instruments nro connectad to secondaries of ourreNt or poten! 
hich are pled is 40we eeursnlent place in connsction with ter 























° 
Feailhnnetng” This, of cours neeesiedtes re room thn tor 
Eetchboards Coquire’, “he wate furrent entey ing appar pine 
aresty ‘edie eo" somaroiting’ bout ely 31 basen ‘or under 
iallars above ti agers o, Hf kite tne elect. lorto> 







‘controled, they ean 'be plnced! Ih. any cenvenlent place. 





Aitehag battler attics 0 oe "ueually mastiied that 
Aynaina loads “eome from bolow, and that {oder wires go Ive avorlioady 
cRoopt Ia the cage Of underground feeders, whieh nalurally yu out two, 


CONSTRUCTION. 


Central station rwitehbourds are usual ved of, Ne about my" 
igh ann S*UNSokY und wacylag hr with from 10? 0 0, oe pn 
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ve th ier 
slaved 

fcr 
Ts is. 


Bet eh board. 
without ay wd ie on in sarees tna 
care ing ii ee 
feria nurses Pre reons 
the cause of sina) isolated pli Cees 


rasnents 
ent ie etn 


mare. anparae 
cave fac eoagh tose aba th hata ea 
th Se ‘are suficent ers teatad 
it beoome ro malay 


the busos, bok tn some eames T 
su or exrrying tem. Copper bars. shat on oud, 
universal on Iow-potontial boards. Owing to the grantor nay 














aliachinents and tn adding capacity at bar is to be preferred 
inion of Ye yank VE With lath cnr to Sh enn ae 


ieee a eee ea 
tion il v 

Heir wg ee ess os aeepe esta 
Sai is tiantee oe geminata n oem aetna 
ing, bolting, oF meri Acinmping or bolls, steal belie sald bo 


Larrick. iver the following table as ee estes iat Prte for 
ga home ete es 
sug bee a od aie ee ce 





COPPER BAR DATA, 
From“ Modarn Switshbonrds,"" by A.B. Ferrio, 





onms | Weight. 
Dimensions, | Aunps.| Ole. Mis | Sq Mils. | yc) Fuss, |e 














1xyt ace | 314.310 20000 ‘soars a 
eb | eo | ara oo | ‘oom | ta 
x hr 26 r ‘ 1 
x S| aaekn | diemn | ‘woos | 1% 
Wx SG | HK 45,700 ‘sooo 1.8 
ibe fa | pcan i.900 eeu) 218 
Wx O16 x 56,250 ‘900018 Qo4 
2x soo | 864,200 730,000 ‘9000112 292 
24x Tipk | 1,074,300 a, 700, “OOD, bf 
PES we | 1274/10 | 1,000;000 ‘ocn00840 ca 
yeh woo | Vs9r,o00 | 1-200,000 ‘oenover rd 
a ee ‘gcopacst | oy 
Perews Sa | alec ‘coon | 
round 426 | 390,035 o60n7 8 
i round eo | 302.000 ‘oun 1 
round, ‘341 | 1,000,000 So0Om107 2.05 








7 the sake. of securing the Dost conductivity, as far ae possible, ull 
suilecuboard connections shouldbe york oat of rolled coppers Burtt 


GRNIATOR PANE CONN BOETONE. 





¥ic. 5. Councottons of Generator Panels for Direot Current 00-1800 
Any, GH, Coy 


Os. 


MANHATTAN RAILWAY SWitcHHOARD, aa 
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1, et t Itoh! nl of matt wer etation 
oe Plage a HagT tI o8 ee Suet om ey pewe # 
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SWITCHING DRVICKS. 599 
Hanae oy irae Rap mer sears 


plugs at C8 anu DO) Wile 























Pia. 9. 

Short elrewit machine No. 2 by tnserting the. facts machine 

RUENy Somcelng ts pigat Dvosnd Bibs Pass ane 
AWETOHING DEVICES. 


Switching devices in oonngotion with ewitchbourde ean be divided gener 
sly tate two clamor vise: 


2 Autotatle efrgult breakers 








[ = CHE M EE 
aa Tayi ot Hs Posen tal Ott Set oped 9 eeeaean gonad 




















orous-seotion of matil of ong square inch per 1000 amperes of curront 
‘chymvity fo as near to the common practive aeany, sand @ contact surface of 
thineet one inch per 1M amnpwrox or tan titabe he erdwexwetion OF Metal Te 
tho sommon pratios, WHE WIT dapend somewhat on sho pressury bewoun 


cite 


ry sbeva Are demanded by. the Natlonsl Coie fur currants 
acceding 100 suuperes st 200 volta, nid = qulck-Drenik™ eutchos are now 
quite or pyrnastite x4 Jow a4 110 vol 


iy altivough not in any way ore 
nocessury for that prosure than should bo" quick make” 5 













face economies 


Boze afi timed when pan aly der] 


Lo 
‘Third, Senne Adi esl 


Fro, 14, Dimensfons for Adjvating MX Cleeult Broskary, 
fre te Slogeen Sr reo neper opie ok pa tee pose the ioe rece 
"Rie pel romoved from the base, ire te inwwrtod 
hott inthe cartod Upiat the ipper end of thosbort pole, shite te 


Breotinchonme 





nigh Porentin! Ciecult, Breakers MH 
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Fey, 16, 0000 t0 16000 Vote. ve. 16 29000 to 40000 Voting 


iLwanhior, “The othr md 

ee urben'ipan tn ee (ae am sector tothe oo Soppaesapeby 
ein ane stout be from 800 

r race a tie ture blow te heating i ing ou 
vyraeenaat oy a ale the tower end ad filly nny fiom the piscine 
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Pio, 21, DingramShowing Use of Reverso Current Clrowit Breaker, 


Ge ee 
ry Tt eas Aine lotwet, Of course & 
sienilor manner. 


irene, 
seg analy it ae me 
caroult broaker‘at Hila hs ace ee ee 


of 
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Fro, 2, Tino 


Gircults of a Hever 
rculty of a Heverve mune 


‘The 
Current Giroult! Rrenkar Bo 





an . 
Dicoction in the 





LIGH ENING AMMENTEMS IV GENERAL. 
(From pamphlet by Westinghouse Eleotric & Manufacturing Company.) 
The Fu eyes moe Arivetcinc Tae funstion. of 

La Haut nelle feneaute’ 6 the pushes Ut yetie discharges, waa 


Rosai tal 
guoudl voll interruption of the warvice. ‘Sfuo iateer, though Negative 
janetion, 


r 

nl wir gap tan ‘or yt ‘of tal 
Nunerdaa” arrest and 
placed in practlonl ‘po, ah. ables fon ehh sa 
1 ie 
veatens wh ure on sfoetie 


Pee gs 





i el dat ve ou eta de 
ae eet wan 
caida a’ eh Sea a oy 








raat fofowed! the lighting dichaige, eiabuliug toyreby abort ele 
reat followed the lightn beeen 
‘hich world melt the dynsave faseu nb thw ibterénpt tie 





v'of verso te uubte yc areatrs were de 
vised tnn8: would automatically inteeraye. the ayname short. crete Ae 
Beate rruption wns actonsigied ty singly pas Maun 1, the 
atronnt eeu, chow wonEinget neces fo en iter 
ch discharges ‘This tonthod. wae Abvlously uientiafctory. -APrortePa 
dre thie device wate. ond, snp ee gon en 
Titmodtuiely nijuat themselves for another dlacburge by men of MOF 
Darts the Taster, however, proved ta be tho cause of eonnidorabte nao 
Knee, and weperiencn demountented that Rho are Fuyaring Arvesters were 
theta neon ee ean sane Pleuie 
seuising tht Importance of thy problem the 
& Mantifreturing C eee Rt Penalve bot etal ad 
Feactcal invention ithe jo ying arene which Wott 
Etter low rata ath to. grou tor Wsarapetve diaghnrgess hat ae the 
ss tim oporate antownatically ahd Ariuhone moving parts ad 
Without interrupting tug erviees 























Pra, 1, Diagram Showing Electrioal Conneetlons for A. C, Lightning 
AArrontors. 


rowults of thesn $nvostigations, which extended aver n poriod of per 
rive hate taal tote 

Moning artestor the dynamo entrant doos wot continue t fol 

Jow ithe dlacharge,” the ayyavatvs 1s not lett unproteste for ui Heatant 

tha inxtrumant dois not deteriorate = it 1 entitely automatic in vetion, and 
will handle freqnout and porstotont discharges with perfect fnelltty., 

Tor avatemns of digtrivatiom, with thelr ¥ntions meters, ennverters, ant 

‘other applinncas, 1 allowance of line arrostors judiclously ditribated 

vor the Ties Is essential for weouring adequate protection. WWerns Were 


001 


a 
‘oral years, are exsbodied ti thie 
Wilt 




















Saat ‘onoand one-bulf unit arronters batwoon, 


foes 
ae 





0 vores 


“yore vou 











Fro. §. Pian View of Lightning Arrester Tacks, Showing Unit Lightning 


CHOKE CORKS FOR A, C, CEORCUETS, 


fc aiha  t  ri 
property af self 

sels of witeceaerenreh the ie ey, Of ovelllatlon 
a tr han that of onmyuerctal alternating credits, 
cui ean rely ba fematructd teen relatively an ‘atte 
iene pasnage 5 lightning sod’'t eae Hunn tine ilo Heo passage to 
‘ordliaty electeto eurrente 

wg co wi ne 1 certatn einount of Jnpedanen ton et 
lane, “xpertened has show, howayor, were is ame 'e 
Seer st once um nada to the dlacharge With o mala 
resistance to n erat rn 
‘Choke eats 0 chine tn 40 tho elreult, wien ned im conn 
sion with non-aretng lightnleg arrest fo very allele mowa of pro- 
tig weap Mpoaeat ns Huhta "Thin nerangeanent ts 
particularly anttod for in apart que tal 
Prater, Golls euss caves betueed ts eieteaguet ho’ lise ar tes we 
fection Of the more expensive translating devices, 

















GROUND CONNECTIONS. 607 


ARMESTENS FOR D. ©. CIRCURTS. 


aa Be 2eaieala Satie xowardag Br. nsenor an Sev ye 


pith tay aa i iar eer Se eras 


luotinyg eurface, such aa 
Zararme Mt ee iets men 


Third. La order to mualetwin a ee of the 
i ie pense rer 





Fic, 1, Nou-Arolng Rallway Lightning Arrester, ‘Type “IC, 
(Bor Station Use.) 


‘Type “MK Arrester, —The iustretion, Mg, 11, shows the 
sype "7 Rrrestar for station use of D.C. elgcalte hp (700 volte. The 
Eintrament ie aingie. pola, ani consiela of two metal electrodes mounted 
pon ‘Dlock, flush with its surface, Charred or carbonlied 
fooven provide ready path for tho discharge, “A second. Ligoumevitar 
Glock due closely npon the Hise Deck, onpisa overing the granny 
electrodes, Diseuptive discliarges will iy between the electrodes 
vor tho chara. growrohy hich set stmply ae n electrical crak through 
alr, providing at eay’path 
‘The rewatance between the electrodes fe more than 10,000 ohms, so that 
the"iiatag’ aischaego paasea rsh ale high erataneser leaps Ore 
ne tghentng disc ro — 
Uo sane the eharad-grooves from ono slaty to th oer aachiy 
ins i uid if there were Dut pamie Mma, The presence of the char 
ruovoe aapiy tnae the paih onate 
There bolug no covin for vapor between the two tightly fitting blocks, no 
arn can bo formed, hanoa the wrregear be nour 














GROUND CONNECTIONS POR A.C. AND BD, ©. 
AMRENTERN. 

‘Too mitch Inaportanee cannot be attached to the making of propor don- 

nections trom ho arrester ground whic slow be ws abut wd shag 

YESe obvious that poor ground conncetlon will renior Hnefticlout every 


i atest ie cess, | 


LIGHTNING ARRESTERS WOR DERKET CURRENT. 609 





dite An the | 
Pg a ae 
ee eee aeeerertane < 


qelna eurrene clrenits, however, different courtitions have to be: o 
Wigh-wisl Asaas areas Toe roudily extings peeps (Acct musi Nowa tn 
sytece ttc ang ate fo erating ur 
tenure ihe he th ltanion dae nig tis 
bei as 





Fra: 18, Type "AA" Are Station Arrester 


‘Tho variety of these lightning arresters provides for the protection of wil 
forme of electrical apparntws and clroults. 

‘The Type AN Arresier emanutctarsd for dhe protection of ar lighting 
cirenits, and is in extensive use throvghont eonatrnetion: 
includes » pair of diverging terminals mounted tape intone 
‘sloctro-tuaghet conndoted lu saries with the lit, ‘The mmagnet windlngs aro 

















FIG. 14. Typa A," Form 4 
Wivitnda Bea tor Lave 





ightntag Arrestor, 





LIGHTNING ARRESTRHS FOR DIRECT CURRENT. 611 





abana nner omar et ae et 
ST RELRe pene sais yates ream rrmeas 





Fay, 10, MD" Lightning Azrester in Wood Rox, 
{Qe aerator ie ura own wldiional Dox of ron oF wand, a& sown by 

‘Euh'arrowtor ts been ndopted ns standard Cor railway 
‘baguette Blowout, 


currant fobvele etre: Stas hast : 
and « nou-liduetive resistance, ee 


“couneorions oF 
MAGNETIC BLOW-OUT LIGHTNING ARREBTERS TYME MD. 
(TOR NEE GURMENT CIRCUIT UPTO BeO VOLTS. 











ia. 20, Conn Blow-oa Light . 
‘Type " MD” for Direct so nk ag eee 








612 WGHINING ARRESTERS. 


copriy with very sme gp spnecn, ne atestor fr 000% 
And dhiacene srs ache. dong, 










00 v ARNESTER GONEIETO OF TWO 3H0S'.. 9000 V. ABREBTEE CONSHYTE OF 
(Df AANESTES CONNEGTED IM SERIEB, Ge. ANNEATENS 


ALTERNATOR, 






10000 V, ANNESTEN CONAIOTS GF FOUN 2000 ¥. 
[0.P, ARRESTERR CONNECTED IN GENIEE. 





[> onouno 
oat 
'-F.ABREATERH ONMECTED tn 

1, Connections of Wirt oF @. K, Alternating Short Gap 
Fi9. 23. Conner etning Artonters, 100 to lsowSel 
vit arreiter muder normal aotion shows # small aro about as large 
rrentor for S0b.vel ciel ened With two gape Of apprOR 
Shae sina tow non Mnsiuctineredotanen = 
for tee on ail njarunting cqrtent citeite, ied 
divowits nbvre 2008 vols, the atandnre 
fetimepeed Tr Mae eres 
‘aaaeavary nruinbor of apark Bape 


= 


LIGHTNING ARRESTERS FOR ALTERNATING CURRENT. G13 





Fio.22. G.¥. Alternating Corrout 
‘Lightning Arresters, 


ALTERNATOR 





Fic, 24, Conneations of Wirt 
gf GE. Alternating Cusrent 


Short Gap Lightning! arrectere, 
{oan fo So Yotte 


ALTERNATOR 
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JHE 1000 ¥.0.F 2000 V2.7. REN 





THE GAKTON AnnKsTER. 614 


teenth inch ai detwoon either Une-wire and the mad. AR 
froquoncies tive Wale of oret ave foatited Wamp te ape OF tHe 
arrester ; but mt the yot srigpentog: i the poten 
tint ie reduce to Tess than outchalt of Uhise hie ston alii 
the alae ao ave ge eae tpt hy hore Ad 
‘long and dole effetivenea ae Vghtaing protection eansot We mart 
inches: 

"hie pir gare of the acrostor dawoid wre abt double. the widths 
grdinarlly Woe yet the spark potential a Tigh 
‘Tho condentrle Gyliniere provide. ange diacharge adefast, anabing the 
sets to to are i al ws henrydichargey veering he Hine ene 
Diet 

‘THerocond cssontial feature of the8, KC. Lightning Atrenter Equipment 
is & Ohoke Coll, so woand (Mg, 27) as te rd great opposition: to the. 
Pasnage of Henining, yet practiontly no self-indnetion with eurvante of cre 
fary Fronuctoy, ia ull int be placed in the etree between the Tight: 
Bing arrester and the apparatus to. protected. Introducing such # Goth 
between the lightning arrester and the machine will offer practle no 
disturbing sffeot, either as to magnitude of the output or regulation: 
pyeten, nnd atthe same tine inter 
ChormSus opposition ta ts puasnge of hight 
ning tvintyes toward ti miashine 18 be 
proton 

“To remove even the slightest statlo dip- 
conange tromn tio iiae, 0 Instrurmant ile 
tothe one ithustrated in 
“Line Discharger, Whe us 
paratuk above desaribed, diseh 
completely, The 3. K. C. Line Discharger 
ine inne airgap fo tavign with oe tube OF 
bootie witht puiized edad particles, 
thus offering practienlly sn infinite resia- 
tines ta dy wnt fot allaying sta 
Vio discharges of extremely low potential to 
enilliy pace to earth Th Line iochrgee 
Teconacetoa to wri Fg Tho. 28 
Furnes of ees retceed determine 

by the voltage. As thod.ive Dissharger will remove even the ersall etatie 
hargo, it prevents the accumulation of auch charges on the Tine whioh might 
prove dangerous, 
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ELECTRICITY METERS. 


‘Meters for measuring the amount of clectrioal energy furniahed to. ons- 
tomers aro commersially galled wastmetors or roourding wattmaters, 
whereas they are really meteurera or motors of watt-houre. ‘The Kilison 
chemionl moter, in wish a shunted dashnite portion DF tho sGrront 
to the customer 1s made to depostt-zine apon an electrode of 1a 
coolly Is properly # coulomb meter, oF asnpere liar meter, which feooines & 
‘watthour meter if tho prossure be maintained constants 

‘Thia Inat meter ie rapidly going out of uso. ‘Tho Thomson watthour 
motor, which is roplacing It, ean be nse upon elther direct oF alternating, 
cirouite. It consists of a motor whoae armature is connseted in series with 
A reslytance £0 the two mains, and whose fleld colle are in werles with the 
supply chroulp, The WrMAcure In rotaLInE Moves & xeeording: mechanism, 
The rapidity of rotation [y regulated by a copper disk connected to the: 
armatare shaft and moving between the poles of adjaxtable permanent 
magnets, Tt 1» mado for wso on two or throw wire oirealts, are olvoulta, 
single phase or throe phave a.¢, cirouite, and for recording input and output 
of storage batteries. ‘Tho following dingrams show some of tho principal 
uses to which It is pot with tha scheme of tho connections to the eircuita. 
‘There are many other purposes so which It ts put, Dut the reader ts referred 
to the instruction books uccompanying the meters fr furthor taforination 
on the mubjeot, 


























‘ELECTRICITY METERS. 





‘Fic, 15, Large Cupacity Station 


‘Meter Form Oy. 








Pie, 16a, For Storage Buttery 2% and 50 Amporos, 00 volte, 


GEXERAL NOTES CONCERNING THOMSON 


EER, 
In owe n new Jowel fo inserted in the motorit ie adviautle to put in 
‘wit'probabiy be tnpured, 
‘an the broken jewel 


Ww abate end, ‘us the pout on the old 0 

vz paris eriy ity ner he ban rung 

“Tust before insurting » new Jewel ina meter, ft ls well to place ® drop of 
tine wateh cl an the Jewel, 

‘OM ma ‘De wsed in the top beuring under any ciroumstances, 

Ollordicton the Commutator Will cwuse tre morer Lo register Tess Swn 
tho oorreat number Of WAEL ROUTE 
pelfe Hconatant te marked On the dil, the meter roads directly in-watt 

so that tho disk and armature move freely, and that no dirt colleets on 
‘tho thagtiets in stich & way ms to touts the disk, 

Taatal the meter in adry place, ne far away trom any beayy vibration aut 
YWChem it fa necessary to install» motar naar x railroad, oF fn any pleco 
‘where tho vibration is wufficlent to cause sparking ab the brashen, the ten~ 
sion) of the UrAAHEs upon The conmmutatar should be slightly tnereagesL, This 
‘illo way with the sparking: and cnsurg greater nosurncy. 

‘Lv cave of severe Jun itis advaiageons Ww place » number of soft rubber 
washers under the tends of the serews which bind the meter to the wall and 
between the mater and the wall iigolt at enoh screw. 

‘The disk will always rotate to the right whet the meter ts properly 
connected. 
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patie set ga aa ee; 
‘ith : ese canea wk 
Rete tet terete 
tng ti wi ec meter tor the iat ote aa 
Calibration of Thomson Recording Wattmeters, 


Sie eee earene seats eat 
cee Cee 


Serres rin 

gases i seiner font toa ie ine ¥ 
teas eis neral sane tar y 
ead eat x oat bar : 


i the mevor disk just cera genome oad. 
ALTERNATING CURRENT MET 
et eae waltchour i hich ls wrod 





‘igo clasw of tnd 


eens 


Sere 


Place the instrament on a seoure sup; 
Boe ye ee 


Saeeinn ‘Spanair eae areitnc oe 





Directions for Meading. \ 
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Siete eee brn 


See eae eect 
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Pio, 1 Connections fur Single Phase Circuit ; Yotential exceeding 100 
Yous, 


The Hiustration shows the metho of connecting the moter to & ingle 
phano olfoult carrying current ab a potential exceeding 600 volts, To 
the high potential ourrent out of the moter, both a.gories aad a ply temas 
formar are used, eren for currents Hot exeeesling 10) wuperen. 











Pia, 4. Connections for Polyphase Ciroults; Current not exceeding 160 
Ainporas, Potontial aot exeooding 500 Volts, 


‘The Uilusteation above shown the mothod of connecting Lwe meters to 
tiicee-wh'e polyphase elrenityin which the current traversing euch of the out- 
nide wiros doen not axceod 100 ampere while the yotontial hotwoon either 
of the outeldo conductors and the middle conductor does not exoeod WO 
rolts, ‘This connoetion sx correct for a threcwirn, twophase aystam, and 
lao for x thraewire Ehreé-phinsn xyatoun, 













Account of tts ability to satel 


st 
ered to the ofreult, nnd it ie 
eountor reads direct] 


tT ‘ha 

ita eto a 
tiworvtre single-phase etre 

‘The wi — Phi 
sunray elivered yw ecevitocisoal, 
Aisi sees brhnatotiner having We 

‘Oe of these pritnary cots te jconneoted tn ares wt 
wie oe ling ulaide wiveit the three Wize ie 
foils tn. whioh the aterent te : portional tothe ain of 
fo any cl ie watimster, The 
Wat tneter fs consiested between tiie neutral Rud One OF 

‘Tho ourrent capaniey, marked ‘of, 
house wattmeter, 


Fe tm 
of tho vutide wires andthe 





27 Hf Connections of Westinghus 
Tio. 37, Diagram of Con "iateerstiag Wate ruse Three: Wire; Biughes 


‘The total current capacity of 4 threewire wattmoter ix, therefore, twibe: 
uae nied u's counter vie repr nei he epee ioe ae oy 

‘The counter reer }, however, the total energy supplied to both sides of 
sha tte Wien ie miter Se Thani Ue tll ees wi ts Bice ine Predaet 
SP tue surrunt and tho voltage marked on the tnoe of Racouneers 











|FTANOMND THOTEATING WATTWETINS 
FIG. 2. 


A, Connect two standard indi wattmeters, ono Into each ede: 
tus tnree'vire cireatt, being careful tofiave tue pousectiuns ot these 

Ani watimetere miuda'on the supply side. o€ the tuvegrating wAttmeter, Si 
shown a0 that it willavt measure the encrgy use by theuts Load the ce 
cuit the destred readings otal on the indicating 

and LL Ae constant valuo while the integrating wattmetor te 
‘Rin enn ut cetalins of the ek ae core T aria tho 
ZnhurstyateFptor by the waltincer, np the Following fri 


Bx. 
Aachone 1 " 
ves neconds roqeered foe eevetaelonee 
antag fiuint volte Hints amperes n» marke on the counter nuipied 
"ri ronding of the lonograling waitmotor whvakl ogunl tho num of tho 
readings of the two Cine idfoating wittmetins, 

Tis 'X'aimplee medhod Se to check the wattmeter without the series trans 
former. As previously riutitioned, oll those Waltoieters are S-anipore, 190 
Vollynlngiecphane, twoswite Instrumente.” Or pirposck of task it ia neem 
sary only to eonniet thet, ao shown in Fig, 31, futo tein ‘Gwo-wiro 
chrowlt, with a standard indlewing wattmeter, und proceed In "The sane 
manner ne for twoowlre wabtinoters of this eapaelty. 

Potyphase Wttmaten.— To wnparn polyphase wattnnter with 
annformon are wot ted tn conection wita cne-waleneneny ered 
nilng for anchclecult of the wattmneter ie due number o€ watts stata 
iulphying the euerent by sho voltage nated Su the dat of He 
ata 
















Tape aS eee: eee orth error of, ‘the inatrument 


nul site ae 1 be covked agalant the ntaudard 
eee Toummmetat = ites ‘against the standard, 
— ee east nee ma ene | 
Secular ec i ie a 





‘un with the standard for several hours Wey ean abe run together 
ang theswatmetare ements al pa 
antage of to total rondbage that Ht wll not be nogiconb, = 


—Pol alan lascherd 
“eevee a nm iinin The athuwand nse howgten anid 
twice the carrent sapecity roarked on the counters of oS ype n8e Watt~ 
meters. Connect Aya 
‘Tho wire at A ie eonnected Avat to the uppor yhaae of the meter 
lower phase, peeeadiny In the samme manner ae with sin 
re-noting, however. shat tha fllioad epeod of the Mieke 
Bana te itsoe re ek we aa win making aa 1 
as Shlea'do ok ey sti enauforner tate uly ube Ent ‘int 
thse Shunt boing fo the right serfex 
Yarmival inside the metor} Yo . 











Fig. 34 chow Arop-ire al J Wentug: 
hon attr te ete didn at 
agit englenhaes Wess watzatrs, for ruil os 


cea eo xm aro 
ars da aa 
pk ae eh tT ele 


‘The following illustration 

wait se Westinghouse ‘or 
circuits of 400 volts oF less, and of 80 amperes or leas, are 
manner, 





Fro. 36. 


‘The following illustration, Fig. 37, shows t of conned! 
phate Westinghouse wattmeters.to two-phase cireuita, 

‘All polyphase Westinghouse wattmeters for two-phase circults of 
or legs, and greater than 80 amperes capacity, are connected Wt 
transformers in this manner. 

‘Fig. 38 shows the method of connecting polyphase Weetingha 
meters to three-phase circuits. 

‘All polyphase: Westinghouse wattmeters tor three-phase cited 
Volts or Jess, and of greater than & amperes capectty, wre cain 
Series transformers in this manuet. 
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sonneoting polyphase Westinghouse watt 


wattmeters for two-phase circuits of all 
8 than 400 volts, are connected with abunt 
‘anner. 





Fic. 38, 


sounecting polyphase Westinghouse watt- 








wattmeters for three phase circuits of all 
{han 400 volte, aro connected with shunt 
tanner, 
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“cc a ase orspricging Ng! 
nema me 





1 to the number 
"Sor aan cee 
Hen seval 






‘Number of revolutions X moter covstant 
imber of secunule a 

















WRIGHT DISCOUNT METER, 


This instrament is f 
termi the Mana tae oF suc alge po ie ay 
‘sw ‘ater 


ot 
for mbleh I ine dselfed fo Kiow tho inblinumn use of surresieatthor ‘rotor 


‘Tt is 
wc enti ee eee 


testa a inetecmtiey : 
rere ten 
Uf fhe matiinum load Taste Jo gun ues, 109 a 


The following: Sgyre sc the working, pasta whi na 
in saat 
it pci 





0 
3. Torminnats. 4 Ale Bulb. 

1 House wires. 17, Lodlentinyg tube. 
nw, Realotance wire, 4, Liquid. 

31, Honted bulb, iw) —> Diroction, 


Fio.4T, Wight Disoount Meter, 


T aseng in te zou expan 
valde ich farean sie ga Tre Jaf olan un ees 
Should thea qvaaitity OF) heat be such as te forse some of the] enone 
iti nit Seve into thaeenteal tut whore tat stay va a "fe once? 
Inert fe readjusted. The weave buck of thw couten! tute i calibextod tn ae 

Perea on tho loft and im watts on ki a3 After reading and recording: 
{hethioaion for my Herat of an, the Tiga retard to the outa 
tation by atnaty pple up he tabery ete Wel ate ‘Winged atthe top 
onnectfan Wie 

The readings of the devin me niente ie, frei k 
ace ined teeter Wil Cee of the nace, Et 
itor "narra atom St ary for acta tie Ne 
ntomiacy. “Pals aubjeot I beng taken ap by many of the ‘electrlolty 
 inutrtmont ie handy to use in alrcalt with » transformer to show how 
the mae cman compre, with he Crannfotmet, capacity | ae Oh 
foodors and mains 10 alow how heavily they ny be loaded. 

















The Westinghow jal 
SBeismesr seam aeeeaeee 
eee eee 
curren iro 
Xoeouwtancort. (is uso. ¥ 
Anstructions for Checking Testing 
ee (Oy atograting Wiattmoters 

Megistration. —Tucco meters a9 shipped 
acenraie within th 1 ‘ch 

‘The disk renter 30: lmey perenaue at 
Mion asng frm Ne to 
and afl wattmeters reg 

‘iso of coustante, 






indicating wsttmeter 
‘Second method le 
First owetnod— 2» ws 
commctiicnstnmentts  Atntelronteteitsa Hawa 
shown inthe fe  ingdiagram. 








sranoane INOATING WATTMNTER 
Fra. 8. 


Toad tho circuit until the desired reading is obtained ont 
wattmeter, and keep It at'a constant Value while the integrat 


in being read. Time the revolutions of the disk with a sto 
mencing to count when the spot on the disk has made one Te 
the wateh has started), and counting the revolutions for af. 

‘To arrive at the number of watts registered by the watt 
following formula: 





= conntants 

For wattmeters that are used without transformers, X= 
by ainperes (ne marked on tre counter), Srultiped bye 
teat ake wast with sores teanetormers (oUt checked = 
Polls ag marked on the counters niultpied by 8. or 
{pedi Goth sunt snd series transformers bat ot 

‘a. 

Tin this way a wattmeter can be compared we wr 8 
tho number of watts can bo checked varough Wee 















DUPLEX a 










‘That method of 
Py es ee a 
a 
rey rie i even! eyaton 


cacti ae site 


ieee a /Aascah ren 


DUPLEX TEMRGRAPEY. —9 
| 
ere ‘tho cores, Will produce uo magnetio eft | 





THEORETICAL DIAGRAM OF olan DUPLEX 
ALANINE ou 






Mivor Fesistance)s aid 
ty nonteatai ‘iscange on fone 
Hea hy wine an alfuntabte Condenncr na rstnratton ea shine 
Vig tho rheostih as shawn. hi the single ane Seday tho tn sa of the 
acuntare odontal by the dp of a retretla ring in combina on Wh 
























iterating conte of Currey and ww herent oth Hn 
Pola’ tho spring i spanned wit packard msrainnt tho Are 
Anuar etteeted, wot yn aprlng, Ut hy meee of w current |e treat, 
‘opposite te that when datormatn vant owas Fie eevee 
olin direotion dt oho earront te 5 ‘mean of 0 pole-changer, PCy 
{however coun we ‘ail arr ‘ne, maker oon tants 
by menne of a m°elreale and sine (=) ann copper ci 
tern te eat jitnatay, wags in procticele toy fy 
iam hh owe ec ‘Thaw ip the production of 
hagnott po by aera te hie Win, w aor fe toed nt "ond on? 





trront aoe rnd fe th dgecton of te nif lc proce 
south toy t age 
Detlats euurhed A, vpstilans necsdwutey puresauatily, magne seh 





etree | 


THE STRARNS DUPLEX, 


ot battery, and therefurw of current iw se thi the 
Mtuaceadt a ax in tin tit tustance, ta 
sturvent*"4ad currant’ saad be alternating a 
current” ‘unit In the rien 
‘pon, admite to the tine w éurrent tooparate: 
rs a 









THE QUADRUPLEX 
iv. 6. 


af the east" station (Wot shawn) tire te a erator 
ut 


rslny. 
Pie aupticate or rulay Min the Wagram, ie teuson of in 

IChnvestonsive, ‘Bue whet ail sue battery i on, © con shen 
‘aon tho ey tlosee trunumitter,, the distant raluy MP thawed. Ep sore, 


Tre Is hs Ute quncuplen a pale sf polar relays whieh Feayind iy ehauger 
n't itrvotion, hot ny the ste eo ve iad ao 
relays, whieh respond to chinges siren 3b to the diroetion af 1 
current. ‘The diagram shows fhe apparatus it I's simplest formas there are 
| hombor of dotatls ts conneetion Wieh {te oparutioi, tho: mae 
‘hook. 10) of 
coe 


ToWE TERMHAL) 








Mion Tye willy new patlcr top complicated for Us 

Mavors's American’ etegrapiy Mii be found nthe atl 
‘echoine of connections ; hn and Jones! Telegraphic Connect 

twins dingrams and detalied desurlpvions of the | ys 1 Keniarad Wee, 


THE STEARNS DUPEEX. 


‘The oporation of differential relays luke ‘M,fu tho diagram of the quadra: 
plox, by altgrnntions of 10 baitory " nnd * bathory, is the peinolplo af 
the Stearns duplex which, as the tirst equdenr peta my aero 3 is 
allminating durex in the world, haw a certaln hixtoria interest, In Bebra 
7 188) thore wae in uso by the Frauilin Telegraph Conypaniy n duplesy 























set New York to Philadelphia, and another to Boston; and ia August, 171, 
2 
co ye a OE 
fai — 
west 
¢ STEARNS OUPLEX 
of = 
& Cone Tenn 
T IR 
iy 
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Morse. Continental. 


RSanadoH 





Morse. Continental. 





{Comma 
» Inverrogation 





i eect 
Hees 
Pp 
[ysBhin 
Beet an SS 
ore aE 
SSPE 
End at 
estat 
Whootlet! 
ae 

sl nt 
a 
iE rn 

yee 
|) Brackets 
*" Quotation 

oat 
‘Quotsrion: within | 

















fuotation 





Period 
Colon 

= Colon dash 
Semi-colon 
comma 

} Interrogation 





644 TELEGRAPHY, 


1 Exclamation a 
Fraction line = 
= Dash See 
pHyphen = 
j Apostropbe 
ound Sterling 
7 suiting mark 
§ Dollar mark 
d Pence 
Gapitalized letter 
Colon followed by quo-} 









‘auotation Se} — 


Abbreviations in Common Use. 








Min, Minate, Bn, Been. 
.“Messenge Battery. 
ak “pnt BBL. Barrel: 
No. Number. Col. Golect 
ig, Notning. Cheek. 
‘No more. Company. 
Gin Otten,’ Bee toreas. 
=. Operator. rf. Reeight. 
aa. Signature. Fr. From, 
i; Pala. G4. Go ahead. 
Pe Quick. P.O. Post Office. 
“B.A.” Givebetter uddress. RR, Repent. 





‘TELEPHONY. “: 
THEORY OF THE MAGNET TELEPHONE. 


‘The Receiver. —Tho following ant is moant to (ustrato In m. 

autor abou all thats kauwit of Ue cheory of the te bal tepheme, 

‘itis well Enowa that the linvsof force n'a har maghot cueve backward sud 

coun from cue end oF pote to the other, IF w piece of tran. oF aay dine 

phen, Heptaced aemoad ane and of ths ar, Due not Yo it, many of 

the ines will traverse tho dinpbragin, ne the path eo pr 

‘ily easier Chuan alr. Now, if Ueda Detnowed Lickward and 

for lo nnd frotn the end of the Bar, It take place in the position 

‘and condition of the lines of forse sure hat oud of se muaguet jana 
hh 











i's. coil of ue wine be places on ‘the-ead Uf the bar eloxe 
atom on tha ohne prorat nth th 3 fron wl ene on 
toilet wire Rrauly when the artoutore fe moved: wcrese tbe ines 
of foten), and an E.MLE" will be prodticed In the coll. ‘This fe the exnct 
“Nas it the oma ofthe vise of tha oll bo extended, oth 

Naw, it the en (Soll De ext con e 
tefmigata of un okaetiysimiine intromentysny movement of to dis rag 
of one will be exactly reproduced in the other 
fasten ind there one hike ghia 
and so vibrates ono diaphragm, the othor 
be vibrated, nuit speceh wil thi bo repeated, 
Walle authorities seem to tink Mat thiseimpla > 
hooey Is weareely enugh to anew forall ji 
Tosults iouid Im telephone teeter, yet Ie 
apparently covors tho grentor part: 

aged of the above theory, good transmission 











of gourd nests Fis be 
‘A‘powerful maguct and eagnetts fled, Field of Ball Telopbone. 
a Angi nu that wil ¥iurate treaty. 
A ci on emu mw 
RO eee eR rc ates Bell receiver peavel 1a b4 na laa 


strwnent of the most catraurdinay sennittvencs, and ay a recalver Ie 











over been xuporseiied, You te 4 trinatniltar Hts range is extremely Linited, 
and much time hae boon 


rit by many sins. it evelophng tastewaon ts 
hone eeansialasion 
While uiany Toventors have teiet to. dosiga a. 
transmaitive in which the eireult iy broken. ab 
enol and every Vibeation. of thy peoetving die 
tag, ye one duo seceded ; ad etea 
a telephones ace based. Ih ‘pein on ‘the 
Bing entation 8 teva ehh proses 
ustulacoey: ccurents, and thit is exnetly the point 
patental by Professor Bell, 
liven, taking ap the principle, deviaod the 
transm|tter kiiows by lee name, g he Ui PPO 
duce the undulatory onrrents, he uth the 
chiango iu Tosistanee Gf eaebon unser varying 


oasis. 
M'Phovont horowith showe the dasign of tho Kill- 
pe ae re ich Wake QUITE & BUG 
Stor ann Jowtsponking instrament, and. was 
doubtless the forerunner of We moder trans 
Inittors, "The ‘watrument onkiatn of Patton 
ot Inmp black compromad’betwenn two tata 
To iviich th comitotory. re conwetdy 
Fro. Edison Garton With w battery In-cirewits An leary. button 
‘rasinmiterCCurlum preamps vgnint hock amprin arm, 
Dink; #, Bolton; 2, and is in Cart pressed by the, ke 
Dinphivagn. Hoghoe Text dotarmiood, by bis wxpextmont 
64 


to extend the range of tel 


i 











ay 
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be ars net io Bite sits" Deals. 
Pals, iwaneivers 

Heooiver.” — Roeairar be 
" tere. Edison Dis ee 

ret tea epee a eh 

eign “tos ona ° Bet ee 
mre or 
Tineesotat dots be ly Aly ans will be oeetaed org, 


‘= hey Uhustente ay prs 
‘Natio but outta vearatteae hie soa tonya tag ape tn thro prin 


ipa form lon tha Bet ting ing att ean or 
Hevea aoe Bi to toa ma rae ss 
Iie olan ierones the Him ested 
‘er carbon transi itiers ae mete: ine ‘any, “other type. 


‘Tpenainittere af the ancond laa ate hel Mae ta 
sated Staten the Binoy of utinyt eluent the voll bela be tue End 
‘nas, are the Lorman. ud by Amerie compantes ti danter Torgely. 
tedom ery eo ee bg ean age al 
Team oie. better than. quote, ng tiene tstToinente, 
Vebb's" Telephone Hind-Book. = 
Blake Tramsnitter, — lor lines of pie torn length, the Blake tranye 











tora quvrgood eeev cot Key noo ute 108 ep 
traction 1ov: Reet oot, and requtractut ithe battery a ts 
Tea ivanlase of vedio warefat at ueunienteiin: ot ao, eee retina 








ent wile in serine 
rts has hn imipertant funetion to perform, wad on all 
ja-depenis the efficient woektug of the instrament. Boe 


a, or Splat 
offowitg ay ‘uring, entry 
then platintn contact poly ‘eae 
iis Setitre of the dlapiientn.” As 
pring ‘ohreive button SE Tm 
Trboh ieeinto arather henyy mocket of 
ther, he fuee of the euriion button 
iresres Thtly on the plathinan contact 
voint of the first apring, ‘The vibrations 
Phe arog she prensa ot —|)) 

Min paint on the enrbon 4 
Devarys resulting Inn eariation Wf te P1¢, 10 petra fie 
Be in eee be The sonnet of vias rubber bands ao 

Ing of Tho iwetrurment le chunpor) Zy tron ‘bracket 5 2 
tl ie stiusofthesentactinver ‘aij 
‘bauings dn Rillson's fret rate 

‘Attor ho mais ons carbon contact slid with the caso, and the othr solid 


om an 
fal of 
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two electruleysand 4 fur one for.¢wo-sraal. mute 
ml a ae ee my wolay 
rr he Deca gt a sero th lt wash to 
Engoe the eieatone romgontiys to the vibe at ‘heir eat 
fievame tine he anu tr same ri cdtctually closed 





et ‘the 
‘Ais inco wliote fw a stout brase nidigo, and 
Jo there secured bya net screw, ‘The motal 
bridge ie serves 
Iter aver” ho dlaphengey whe fa 
ictal sestured to th edvor, and fe 
Vided with the. rout slip and padded 
Setnnening spring Ouelentf rage 
Weldge esrries “Ke of Tins AbhO MMe 
ald om na pons othe 
xa tno wire, nineled tothe front 
on ang Nave uel, hs Lae nya. 48 Beaton of Slt Rack 
rode, being in metallic contact with the J) an i cron claet 
Trig and through iewith the ease ot the 2: MM dctectrode 
Tranimttier and Giemupporting armncede | $Od0; fl Back olectrodes 
Heth neta dct a tice Sage plce de tea 
tein fdas eaer arcu tera 
ee me a 
ont : 

"Ene vibratlons of tue dinplieagm are oommuntented to the front electrode 
dy the pity whieh furine a rigid connection between them. The eleatevie, 
Diving A certain freedom of movement within the litte eluunber, varies the 
Bisfeby peru up the. unupt Yaciedon of TenpeaDee seunitel in eanbos 

rey get jo of ers 
teanemitter: ue dengn of the inetrament Is very good. The wo elec 
(rode, bolig of carbone make oxeclient wontace With tho carbon granule, 
thus alfording the Deal opportunity for wide variation of Testatunee under 
vibration, while the carbon electrodes, belng soldered to brass disk vt 
metallic contact 48 obtained with the two aides of the primary clreult we 

‘caching’ altheniey Jey a a conalde 
erable extent, obviated by this form 


Of Cransimitter, we spmee in the char 
ba its kf ‘ber around the dpe the elyctrodes: 
“ contains & eertalt quantity of rane 
Me Into eurbon, witch as. not dbreatiy tn 
Daly of 8 iba Paw saeepe and pee 
Fig. 13. Doinlla of Soltd-Baok DTM if . 
‘Transmitter, Wiedeotrodecham- pansion of the ‘runiilas immediately 
‘ber; wenidatinyy Hinting: 2, bok tween the electrodes Hhnough pegs 
electrode ; «, brass bacih , gatisex a displiwement of part of the 
front wleetrode; t, brass back- heated carbon into the coolor, Whom 
fi ei varie Gat the eranenitter is owt of laut and 
mse mv fr cng ool the rane oud Go Fastile 
cy ener af ITE mate foe ho ab Contain he ering 
‘ eae i Inatrunnent is etvetne 
SEAN Hronucletrode to dine Pr snd Torin sore of alton Me 
ENN aah acted to tho front covet of tho Gass 
1 unfantoning the acrews whteh hold ve ewer, to cat trhaaul ur ea 
3) withdrawar the connosting eoed Jalned tothe inal ding at 
Daving first been dlsconnestes,, On account of the smallness and delicacy 
‘of the parts, gremt care I required tn handling the transmitter When asset 
Diing or taking apart. When properly set up, It neads no adjustment and 
Indeod there fe nothing that cas be adjusted aniess some radical defoot 
azlate, Figs, 1 and Ai'show the detail of construction by mean af ag. 
tlon of the transmitter mounted, and a section of the yarious parta of 
chamber, and & front view of the chamber 



















































ret let aly Bel Tad. 7 cathiectole el Ravenalon 
‘fetephone Sek 


rea) iPemits, —~ Metallic elroult 

inealnt Tle me dftowing tenon ee Loy 
i, Boo Fife of tae arent Atak Beye FNAL Whe same resiatances 
1 Hoth trex mat have nabaantid ye eae eesti sae 
¢, Both wires inast havo substantially the anne inalation 
Over Ty era om - above trae ran Nees 
raoHieany than bathe wines mise he Af thatara materiale ea 

Kive the same tuethiods of fomuiition, be ent fed om the aath ee oe 

nang Cale), At En ANCAL Case RHONA De on Che SiMe CYORE- alwaya 

 dLietrontatt eatmelty te tréuted i the shat ol dodaletoti? A 
Anca sila teion ary ale West nthe hap on raduntans 

ue there arg come potnts apy empreinly Yo telephone sie 

so aa Ae Ca eli ee 

se aunt 
‘Therefore, both lines of Ue otrele nat tei ‘in relation to 
I 


seis Imaal SRECONETNeA Io ioaacaite te cea Ema at 
2 ao 

cortatn intervals nlong the line, tae frequaney of such trae poatta eu 

fecording to the number of eireults on te line aud the Lengtt of Tne, 

ihetantongatiatanes ines ee uta i very 


Mer of & tlle: 
‘cheatitewtag outa show ts metbons of taponitan wed ix the Caled 











numer ei ue 


























m= Edman 





‘than two. 
‘arms are teanaponed as the: in Fig, 16, and evertimmbero mem 
are 











cm: Saran enna eae 
nei pate pes afford ei hoy ton in ae 
"ff tt Outer enna Of an ndergrowndsabke i Ul wt $0 


ee teen ghsmtare ts 
tae city eg ta Saeco 











caer a stendy current 
miGe euF-out conalate of two Blocks of “thin 
strat iw eit there he sie atbon ak as 
eekrop of {ts lower fuse, lish sompletes the short circuit 
‘who cura spasks warns space. 
ewer book osts anh mista strip that is groundad, and the upper 
cartow block ts iveld fn pontlon by a spray ‘the line. 
‘he shoak currentqufentat Ish sMhil Rbool Of fino anansiivor wine, 
having a Tosistance of 35 


ola. 
ola RSet reat aes 





Fie, 21. Combination protector. A, 
Unc-post ; T', instrament. ports 15, 

Gormnatesiiver: spring: Ccy earbor 

Vioekes M, mica sheet; 30, shoak — Fra, 22, Plan of Combination Pros 

coll; Be omnes rounds ‘tector 

ingsenp | Dy ground 








the drop of fuse ta melted bythe Nenting of the oil hy « foreign « 
siewo Rielturerspelog cuesneted ttn uate fyruyend pub sontsat Fee 














geonnd atrip. 
Notes on the Knstullation and Wal of Bele 
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“Fro, of, System having Common Tulking and Bignaling Battery. 





ELECTRO-CHEMISTRY.— _HLECTRO- | : 


METALLURGY. - 
ELECTRO-CHEMASTRY, 
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Restatances of sulphate of Copper at 10°C, or 90° B 
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Application of Electro-Chemintey. 
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Electrolytic Refining of Copper, 
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ELECTRIC HEATING, COOKING AND 
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MEAT UNETS AND EQUIVALENTS. 
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2) Rare meta} fired an ania. 
(e) Silver deponited on glass. Koed, 
8. Stloke of metal. 
(@) Srymtlilaedeiicon in tubee ot glint. Le Roy: 
Moraliio powder mixed with clay and compressed. Parvitié, 
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ELECTRIC COORENG, 
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following statement 


To determine the relatty with eleotricity and 
sane toe nate cocked un the neat Bothell sual stave 
She Fri. "Aen waar 
of 226 petinde per ea “veh at ton gc moa Gt cone oe 


i siti ee he ecw cooking by eon to be nbout 1 pat een 


of the 6ost 
Prof, Dr. Kier Neres of bate of ts™ Prowuetiwas™ 


opparkcns, ud ram's table prepared Hy ii the fllawiny data are taketh 






















Tomp. | Eiictoney 
‘thr. | Apparatus. 
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——— Siemens tee 
oc Mah Samet ca arcs cae SM 
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Heated. 





























Tine 


ES 








Pee Tt : 


2 
rv cs 
CoO RS rine nat) EE 
Soar, * 





RLECTRIC CAR IATING. 7 





fog. storing fre, 20 per emnt golng up-vhe ehimaney eee 


n'a quest ‘dul the aanber of 
f hin pie ui wal 
Saas" cmurent rotated foe soa niee 


Mor Scthe hear hibits sunny burning the, 







Tn the gust of ‘oven, 
an Deal deed acho 
shargy ot ter mt 
per cent of a 
eteal oven is 
Shoat hy eoltd ie 





Unlose eleotriot a “ie Gal Jow.coat norotal 
practicable aia ror Inte wie this 
bactri hater aft he 4 ASpentioe to went va ana io, 
Thathrooney stuggerics, coll cunvers of rovthay ata mati 
aos, th si it ‘ fcr asennad 
wider anges 10 hin tho” pacoli at tang 
Int‘tas hanount of heat fe rotated att at aes Mire perfestly 
‘lan, da ot vitints the ation 

Houston and 


wala ae ‘ml ano elon dee otie' ham SP ale ane 
"Se amount 9f pore quod for ltl beating 4 roan dane 











rn hein 
ee ere thee ee 
by monba af sual bucus bua Poruaea and by clasietliy: fara ihed be moon 





pop ce ge atte ie 
40 ibs. of coal are utilized ‘iuvaghout ee balling in the ‘ton 
eo eo 





50 > 14,000 
ee ogoe Beat wnitn, 


700,000 26 778 = DHE,B00,000 Ft.Ibs, 
54,000,000 
93,000 
6.08 
@ 





16,200 11.-P, juts. 


= NOI? hours, 
Asmumiing that «H.-P. hour i furnished at f cents the cost would bo 
973 x (= $13.79. 


ELECTNIC CAM MEATENG. 


At the Montrval mooting of tive Amerie Street Rallway Aesosiation 
ace, Meh tM eat Mh exhauoil poper on ie subject of eae 
Nati fn ve thn dita Strata wa 

Tn ‘pretion 1 lx found that 0,000 fC, Care necesaney- to heat wn 15 to 
sn ont var tn yp weather, Woven he witida temperncare te 
Snly 16,000 BEB ro requleed, fol thow the nedosatty 0 
inf Set to mafotak Ahi 

he tne iN Rox to-malututn w given Inside tem- 

geratarer depeniia on: 1. heamownt i areal bent which iy wlven BoM 

JPThe lumbar of passengers entviod.. ‘the nvcHpe parent teapable 
giving out un amount of hoat in 2 hots Which ts equal to 301 Dyk, Us 
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ELECTRIC ERONS FOR 1 ASD INDUS. 
WHIAL PU 


Con the Lhone heated olectric it 
1 SIRES AR a aaa gh i ae 
cost of eleotrielty is Pee J ecent per 1. F., the two nyvtemm are one 
PAC toning tothe Attar ou Hott Henting: Comporation, the power eon: 
auimption for thy various types of frous ts ne fullowes— oad 

r 


4. "Troy Felahingy lament £800 oa 
Ath Small Senn 16 Wimp sooo) | 
Titec eu nal S0ee dro 


Light Domestte 
ate Tight Domootio, ni 
Hes othente 
Bibs. Hexvy Laundry 2! 
Dibes Mattes ss 
Dibe Corset tf 
Wo Tha. Hatters! Patan 
ths. Morvedo Botton > 
forowen ISU, toa i 


ELECTRIC WELDING AND FORGING, 


‘The current employed (n elyctric welding may be elther continuous or 
alternatinge ‘By the tse of alternating entrants, = slightly. more Uniform 
eating of the voutact surfaces la obtained, becauwe altorunting ourtente 
snd 8 devon a green oat Mt the sure of lage aon Hatt he 
‘ontral portions, ' 


Thomson Electric Welding Process, 


The prluciple tuvulved Ln the system of electric welding, Invented 
vot” Rina Phomson i that oF causing. curventa, of olecteiety to. pale 
{ehh ih abutting’ en OF ch pide ot meal whisk Ary tbe Wala 
thereby generate heat ab the polut of contact, which ulso becuuter Whe 

rentort felatanee, while af the sume tithe mechanionl peesstre ik 
Applied tw force the parts togethier. As the current heate the metal we the 
jMhetion to the wolilng tar tire, ‘ure follows up the 
Aarfnee anti x complete. unten or wold ir effected anil nx the tone ts 
shovel ihe terior Of Che ats to he wei, ve terior of Ee Jo 
ies oietoutly waited we the viet extort 


More-Power Used in Electric Welding. 


‘The powor required for the Aiferont sims varie owely is the eres se0- 
tion aren of the miatoriad at the joint wherw the weld Is to by mutes 
{Within ccrtatn imits, the greater the power, the shrter He stmes and 
vice versa, 
‘The following tables are based upon netual exerionee in various works, 
‘and from very onrefal electrical ami imeshanioal tekte made by reliable 
experts, ‘The’ time given ts tab euquliwd for the Applleaton of tie current 
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LP, Applied | Pino i 
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HYDRO-KLECTROTHERMIO SYSTEMS. — “098 


bint? cart Ste Se 
‘Hehe and Lagrange System. 


In 
Rares a ae 


troiste aun thence Wy the mega 





magorial to be trent, ieee * 
‘Through the ne elcioly 

tive pole and eS 

8 resy Boot eel sh Th py nat a ha 

in'the clroalt, wutrely cue asi 

Fe Rapti bray 

anlenten to. the wekal or other ohject Wi ive pole. 
‘Englund and iy Gedotbed. 


‘ris xpecoay haa ‘val 
The Htestioal Worlds Dette ieee | 








Morton Electric Forge. 


8 ant granted George D. Barton cn a ee 
In 8 patent granted to George D. Barto rm 
partion be ed i lagi ath eno solani 
Seen ark of ly ana ora a tad a 
yorsetalt. = Sieeealngs, i Sacto plote ae 

Tiueh greater than the nrea Of contact Of thea 
ails plate le comprised of lends copper aarben for one ee al 


material, 











erence System | 


In this oyster an ate fa used Ya combination with an 
the urs, making a diamo sfntlar to thus of wt BOW ple, ee 
perature of 1 The apparatus contain a Magy derieo 
Which Indeivon by nsiuall clecttle inotorj fur welity ste eutront 
2D umperes at40 volts will suitida fOr atripes of motal three men, thle, 


Beenardos System. 


a this syntem tho article ty bo operated upon ts sue to constitute gue 
pols of tne elects elute, while a taro, penal attaohed! ka poeta 
hivminted holder; wad eld ‘by the work, constitutes the otha poles 
ciecerie are owtnch fie the esting agin he pioene an 

tue format This eyztom ut boon weed oxtonal 
Tepale of inachluers.\ ‘The Baty beat-Stcange Paton 
ayatem for the welding of thy sume of whet 


















Syndionte use 
stool barrels 






‘oltex Process for Welding and Brazing 


Consists In the He of an eloetrie are forines betwreen avo special carbon 
rods inclined Uo-eneh othe AE Ait angle of about 0°. "the whole appaentaa 
Sirgcnerafiy ‘beheld tote hand. With ge wid. woke, gas contig avy 
yewice por aw ble foot It As clave the wonuplete coat ot raging and 
Thingaph bioyelo frame 4 $4.48, white with the Voltex process, at 

per kildwatt hour, itis only 40 centre 


Stamane Process of Electric Smelting 
nsists of heating, in an nro. furnace, Mwlguettes omnposeil of tron ore, 
cas me mu tow peo wit 48. aeltng proce ors 
ina dlist furpnos, the ton being reduced, and the stitecous matter of the 


‘ore slagged 
Annealing of Armor Plate, 

















‘The apot to be treated Jk brought to a temperature of nbout 100% K 
‘Tuo sarront caed Ww aqaiealont to 40,0 amore ver nquare tnehs wn doy 
which bi anly’‘panle by tho we'of woolly by" water sireutaon.” The 
Operation gonoraily takes soven minutos. 
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FUSE DATA. 695 


On tmportant circuits, fuses should be frequent! 
‘ho Ioria ofa fone fc or high current most be toasidered. when 
Fane should be operated tinder normal conditions to ensure cer- 

Tatnty of Tesults, 
‘Putes ip fo Ave Aimperos, should be at Toast If Sach long, one: 
St ipoh to" bo added for wach Increment of fro aperee 


Boaed ‘he Wire should not be employed. in exces of 99 amperes 
Ef "For higher currents fat ribbons exceeding four 
n Jength should be empl 


‘Eaditional dats on Pases vee p. 904) 


er. | 


OPERATION OF ELECTRIC MINING PLANTS. 697 

‘The oval hat i locomotive is 268 tons, at a cost 
perisay a atom abgnay SCRE cents oromaure 6 MA team ak 
‘To haul this coal by mule-power would require - 

Seventoon mules ab 50 sents ouch. . 


‘Three drivers at $1.40 
Enatie 
fawn 





oak 





Best 


a ee 


‘This shoves m cost for haalage by ioule-power of TA cents yor tom, and a 
iy electric haniage of 59 Conte hy the 388 tas a 
tiny the paving 912Gb and for m your'e 200 workhygdagye i miouste to 


iis locomotive has averaged 20 miles per day, making a total of about 
12,700 milles wines It was = 4 

Tas expense UE repairs fakon on te basta oF milengo tem eile over two 
conta pat ais, : 

‘Thie wuilemient shows the Actual results ab this tioul and 
winced ut!” fi tnr alesse inthe donee, 
UF the jecumotive on nny ng'aay but it douvicul it seventesn Maio 

AP atte ty do ite work obaitneallyy ae thoy west Dntertote eG 
thy at el, nd "woUd uO Mel er Ue el say 
«eXtneag eters tetarrel 6 we Shep stools “at them 
mong are the two eteetele hau 
‘of the New York and Seranton Gant minty, Af le, Pa. 
Pa BE ho PSG ea 














‘The New York aud Scranton Coal Company. 


One of thi by ‘New York 
Pee ted Gogh een Be a! 


coat Of thi plant wan SOUL}. “The depreriation a 
amount to 890815, o¢ for BaOworking-Aays, @LS8 por Baye 


Cost of operation por day {6 88 follows: ‘ 
Motorman, 
Helper. 
Tlootrioian 
Repairs 
Depreciation 
oll 








Tow 


a,tgcoathaaled por dif 0 tons at» cont por ton, na whown abore, a 
2 oe 
“To hia! Uhis coal by mulepower would require 


Fourteen malew ab 60 eente enn... S870) 
Bevon boys maid each ve et rc ee MA 
Tb we eee ses eas 


‘Thin shows 1 gost for haulage by mnle-power of G28 nants por tim and 
saving by electric haulage of 3.08 conte por ton. On the 20 tens hauled por 
iy, thy savin te $829, und fOr a Your Of 200 working-day ie AMOUNES to 


1! 


ELECTRICITY IN MINER 







1 Jowomotive rune about 32 alles per ay ad to th ie ie 
io 0 ile lth a eat for rept of At ues per lle 
vilet haulage plabt operated by cue Sow York nad Scranton Coal 
Tim coat of the plant was 3740000, ihe dopreciativn per yone wt Of 
fp gook of the, plant ; e 

ould Amoutt 10 840.20, or for 500 working-daye 81.70 per dKy, 


‘Coad of yporatiun pee day In he follows + 


Motorman. . 173 
15 








Yoloer ee petty 

Bleetriafar 2 wits fees 3 
epi » . Beoriner c 
Depreciation: || A polseartiame tale 





Tela wee 


‘he coal hauled yor day ts O00 tons, NEW coét par LOH Ae shown boRE, of 
1.07 cent 


‘To hal (hla eo} by mulo-powor would roquire 


‘erelve mule at Weente nach... = $00 
Bixboye at BG eeh ee e s ee ee BAO 
SAY joel ene caiweel any lw we RD 





The ah 1 for haulage by mulepower of 2:3 cents and nasring 
electric hotdage of 1:3 couse pet ton. On tive 00 tone abieh pee dane tbe 
faving i Sree hd form Sear a0 workingdnys It anoanee fo $3,60000, 


he Hillside Coal and Kron Company. 


‘The Uitte Coat and Tron! Company wAk one Ut the fat eormpates to 
tapi lesete mule, AU orve City. Fas thay have. bye 
Goneited by slectric Mnuiage Srom one powerchoti. he power 
hrm abou! ind ewe diswot‘sonnected ginarators arnt ono @ Kw. belt driven 
Sruchlie, At what is hugwu.so tho “No. Buatl” ty ave One, Uren 
Ean, eight.iea! locometivyy cw twelvetan single Mote locomeyes Al 
Sue dieton locomotive. AL the Foreat City Siepe there ins, Ewelveton 
Singie tour loeocnotive..‘Ihadaition to this they have two elects pine 

3 plant ore has een tt opernsion alnce 201; athongh the 
2g Hot intonted ua rebut since the rat iat he Into 

tr Wa Stay, Superintendent, very. kinaty.turniehed the Foilawi 
Agurce, whisk are om chactly the same busia ne the figuree bn Mr. Fal 
paper. 

iat of Gperition pee day fob fotlowe: 






























2Sbaft, Forest City Slope. 
0.00 





Engineer of powerhouse... 
Bpuer Cieakerien) 
‘lyore (Larakerien) | 
Hlesteiolan 
Tuipnies to motor |! 
Depreeelation, i 
Olband wante =.) 


Gal tanta per aj 
Gatperton sss ee ss 


This plant hao 
one over the matter very carefully, and fas aio up the follow! 
Sf the number of mules ie would require to de the work. He. 
Would take Gftythies mules bs the sbaft ant twenty-four Sn 
down urine 20: Pais tgurem we yor the following cust pee day: 


= Ay mule-powor th No. 2 Shit 





evur boon aporated with 








OPERATION OF ELMOTRIG MINING PLANTS. — 699 








Tumba late nga ek estes 









dey the ring Ie S05 nn form year of 200 gang it a 
Th tha ora City Slopo the voet por day for lunluge hy enute-powur lx na 
me aan on ab cent cae s 
lavern ot 4h cathe se = 
it 51.08 enclt - 
Fes tanners at 90 wah vel dies 
myalat NS) St Panes ars Uhre 
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‘aie sho ff yan of TAT 
iE eee ae tee et 
iy the ing ts nna for’ yout of a waorklag-dayy fa 

ire Ma ke that fi hele particular case this eeimate ix nob entirely 
expenses, cupid wi 
ieee aetiat vauaniett set ens a enna 
ditional sob of Hgutes uelng tho tun oum er of dave Chat he lage 
Pore tunuung wien the netuul Gost, “Tus No, 2 shanty can iy days, and the 
Forest City Slope re days, Under thes cirontustaneds tho cost of opor 
ation per day iy as follows: 


b 














‘No.2 shart, Korest City Slope, 












Engineer of power-houwe . . . $2.66 814s 
Molormen nee St oa 476 
Helpers (Hiralemon) | << | at 209 
UrleLA Hy ower eat Nt 
Kepulrs to motors > SS saa 580 
Kepalrs wo ine. LS a “8 
Kepatra to genwrators © >} “a io 
Piroman eee 20, 126 
Depreetution, 9% SS = | a7 aor 
Oilman waste For motors < ! t 6 ‘21 
ONL nu Wi : a bul 
Antorest on plant ASE. 2 aan 325 
Tol ee ee | HBO z 
Coat hauled per day toni} ‘a0 +e 
Goab per ton. «cs es Lt BANG 8.0400 


‘Thon, again, taking thele own tigaren on the cont of Kegpluy what mutes 
ue i they obtalned the following sost por workingslvy foe haulage 10 
ova Shale 
‘The dapreoiation om 65 ules, ast. each por month, te $86, nd for IS 
working-days per mouth the Haprowiation per ay We B78, 


Depreciation on Bi mutes Pa .-. 8138 
Feod for 69 mules (at 25 centeoneh por day por month) Wats 
shoeing anid harabes Sos ey nw we 158 

Ca, DEST ES ES 3aT 
Forty-eight driveré nad teanileadors 2 1 1 ents 


Tot ee RIOTS 








LIGHTNING CONDUCTORS. = 
th proper function 4n i ee 


levlons have uncengune 








soutatlon, in 7H emibodioet plas based upon sporimen 
protean ula fron she eke ot elle by ‘evin 
ot Tlcrur ajou the propogution ot elsvrenugnetie woven, and do tie 
briliane expositor in bre Oliver ¥< Longe, often ang aarp 
thve'eqarimente tide pin the mforlant ate nomen 
St an elgotrle ‘current pikrs, ike 
entuingate, srt at alee et ey hin tial an ola 
Wy in character. the four pera fy that Ot i ee 
Inet shes are aruied; And protetion ently eat, YF Se 
Encrey of the tual, and’ fea Hapanes catered oy apurepri stake ella 
or other doviegs, "For sample, Wiuior-tetan) working. conditions, Witt 
Sra element Mr eae foie mace 
connected to external conductors may be had With & Tew eiok’ eolls 
‘ori tk norvetng trenton eh a 

‘ond Mew of the gtowtl of our of the nature and bebavlor 
ote vient vgtash inay be obtained frow ihe following publiestions’t 

ie Tere, 
Rxperiaental Rewarches, . 

pore of ths Lightning Kot Gunevousy 189, 
ites Ligh Conductors te duc Guards” tte 
Aang and The Racor ae A Mee ana Hones 


eee 


FIG. 1 EFFECT OF THE ACTION OF LIGHTNING 
UPON ARO, 





















‘Thab 4 ightoing 104 Is called apon to o ‘earth 2 arg 
fram'e dural wa inna plait by runes Zit Che eset Ot Ane puasnge SE 
the current very prettily showh in the melting of tho rod and the point 


















(nigra). 
iiare edood wan a ole surement of the enurgy of tho lghtaing 
ashy, W. Kouirausch ei tut a Horna DOL daca 
would meitn ‘aara, wit A tneaiyreaintnce of 
obm fa from Koppe in 1806 from measurements of two 
nails 4 rm in diameter fused by lightning, determined the current to be 
about 20 amperes aid the voltage about: volts, The energy of the 
Tash, if the time be conpidered as 0.1 would be sbout: horse 
power, or about 00,080 letlowntta. 





Statistics show ily that buildings with conductors when struck by 
Ughtning yuffer rabively Little di cotnpared WIL those not pro 
‘vited wich conduators.. ‘The eine Tod, however, eannot be expoctod to 
Fecve caualty well for every fuel of lighialng. “thers te xreat wood of 
classification of discharges based loss the: eppearane of the thagh that 

‘upon, Its electrical energy. Dr. Oliver J. Lodgo has made a beginning with 


‘1 








PERSONAL SAPRTY DURING THUNDER-sTORMS, 703 


Lightulnge anual bythe agetee 
ie result of tke work 
studying: 4 qu on, “1 


aria hates 


y 
should have a cruse saan y avo 









nit mnductor, He an ° bunt | 
wiconme veal dastes when even tue ial eastance at naa 
‘Ri theta pate than ane ering wt. 


aiotal al lenst three feet agunre, 


‘the conv, goes newr wator 
ft fe bask so gonnedt it 49 them. Wherarar 


plates 

maine, 

ns 
etn cel re ee eee 








FG. CONDUGTORG AND FASTENINGS.. 
(FROM ANDERIEON, ANB LIGHTNING NOS CONFERENCE.) 


The top of the rod snd all projecting terminal polnts should be plated, or 
othontica protuoted frome eotroaert aia Pe 

Independont grounds are proterable We water and gas mains, Clusters of 
pote groupe of tw ivong the ridge rat are good. Chain ot 
[ied ‘coaiductors should not be weds 

fp not true that the dren grotecte by any one road hay a rallus equal 
to twlon the haight of the conduotor. Tnlldings sire sumetinies, for reason 
which we understand. damaged within Eins ares. Ail eommoctlons shoul 
Hoe on Senn walt aaed suTange yropnry enldera. few tapping at 
wire around n dirty water or gne pipe doce mot mike n good ground. Tt is 
Tot neveesATy. 10 HsWnte the conductor from the VUlldn. 


FRECKIONS FOR PRNSOVAE SAFETY DURING 
DERECSEED THENDKR STORM: 
Do not stand under trees or near wire fences; neither tn the doorways of 
linet enti, ar chlaneyn cfropuson Light owe, as 

Ete. Item see mcr cin hee he trunk cpn give ba 


Klectrotechnleche Btachtift, A, May 3% ci 














ad ci Paes 
a meee m thatthe velimater 


‘This abaolat 


sy igi ee feast 
— faut Foie eee te 

or nig i he gn 
ieee ata a 
ee Se see ae 
wey tne oben (at be Roped of ‘ofl, as thorough Tubrle 
Royce re eee et, 


i pocnccd nial 0 aie shag OG Carre Ease 
pe | 
sabes Screeres 
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710 ‘WAVE FORM, 








not, | No.2. | wos | Noa | Nos. 








5 oa 5 a 35 o-. 
1 ms | xo mn ne a. 
1s a5 .| m5 a 75 ts 
130 T. 30 m5 | 7325 am: 
1 as | m5 gs | 25 ry 
“0 oa 330 m5 | 025 on 
1 a 5 a5 | 4135 ry 
150 a ‘30 ms | 3235 36 
15 as | mos | 305 a 
100 m5 | Mo ar 37.5 a 
16 4 By ms | som 3a 
a] 16, 00 155 | 15.25 im 
1% a5 | 306 ®. 875 = 
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‘The different constants of this wave are given below in Met 
tormining Constants of EMP. Curve.” This also gives the oom 
Sine wave for comparison, a 





SPECEAL DATA ON THE MOTOR ILLUSTR 


Resistange of fleld 
Resistance armatare and brushes = 2.066 ohm: 
‘Armature alone = 500 ohm. 
Armature winding —14 tarns of No. 28 D.C. C. copper wie & 
each a 
"Flold frame conaista of jy H.P. U. I. Fan Motor — 125 cycles, 104 





0.87 ohm. 








METHOD OF DETERMINING CONSTANT! 
ELF, CURVE, 


Area Rect. Co-ord. Curve “ B" = 51.32, 


‘Mean EMF. on. 





Polar Aten = 48 wae mute muti by (32 


parable to the area in rectilinear co-ordinates. 11.38 i tho maxis 
ate of the rectilinear on-ordinate in centimeters, and 8.95 ls thet 
‘ordinate of the polar co-ordinate curve; therefore the corrected p 


40.62 x 1.6 = 64.992, 
‘Now Jnr! = 64.992, therefore r = .643, which is the effective EM. 
effective 


mean 


‘The amplitude factor = Tews = Gly 











The form factor being therefore 








Fer comparison tho constants of a 
below. 





‘Mra Erect. Form. 
EMF EMF. FACTOR, 


Fitt Coord, Curve 85132) 5 
a 6a 01 1a 






aera sata 
tor the opotation ot 
fonse uss, amnion 
faring ier 

{rg geod mune 
Petooe’ Witla ntostrisal 
fou of ballistis problems, 
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ae wheataed by Hy ie atts ihe sh ‘or Uy h veseel to 
tiga “ams crak at Reuter come | 
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tna sicaeh ees cee Maas 
eae tie tm ha oa isa sion 


iad etastd ae eens 
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ane, on ener sneaarad 

ward or back so bh 
Dia ees 
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ing ne sto another 
oplintetecl cantar ind it sapable ‘ot a | 
tiie neo ls a nal goat ablagho tx cia 





He arn hand 


a hand 


w or acm ‘he ight ght apy. 
‘The ligat iy" bo she ator doped doy "SMA OT A ALA 
whoo! atfasted to tnthor horteo ot teen jut doer 








‘This shay oar its oyntor carrion worm, Any i a on 
vortioal shatt, to which ta also Ro 


another, whlch ls attached to. the: 


Sue ae donne wore 
Petetion clump somes eat a ita ei ia 
Te sow wna is bate 

Bk fut Fate apm iva mllors di join hy ut othe aa nn, 

Ateohed oti ave sages toothelezsulae ks ado wii ie 
ovata Wee wae altace to's Yer! sate engage, “The verten 
{iskCstata poral Rhenagh tho Taco. and oar awa hoe! ‘ 
engages Ine worm carried on & ROrtzOpEAl shaft hay ‘had Weel. The 
writin wheel iketicey lngopendant of ite ert aha eatank wien cote 
ing the hand weed the Tight is traversed hy w alow enotons 7 tcarstee 
m 
Tac abit ian thea tt ae 
ani old of tha tranalon a inet th 0 
ork manera ona ine cm eae 
nto te rnce.” Ty sage thes 

etre okt te cried seh tea 

Riowites ia proved with eonthelo wo arronped rent 
Passo ino she xematuron ot the motcrs ineltor rw ito a 
women Une cperator may deal 
‘Bon ourcont it Deomght. torah seca amet pot Pi 
‘curcont im : 
onions aon plod atta to the ae 
8 ie hal in place by acmimber of brass ange. ue trea 

ae, ao ‘pine by tora 
oteat n fonton am the overhang Tos an RAR 


and nba, the Vite sethegnor Seo 
mL 



































SEARCHLIGHTS, 13 
or must be unfastoned. aide on 


the In 
hence carbons. In taking the light-out ot the 











Fe 
‘Wro.9. Diagram showing Senrohlight Conneotions. 
An example of the method af calewlating (he iulennity of the light rent owt 
by the mienon (aot 
‘Dinmeter of parabolic nileror, 09.06 inches, 
Diameter of positive earbon, 12 inehes. 
St Regative carbon, inch 
Porn nek. 10 amperes 6 Yl 
Moximom intensity of mays impinging upon Yue wirrot, WLW, eushe 
power. 





 aoonanat Dn 


A 
ini a erat 
7 nde re , | 
o | ‘ a 
= age =A. ; 
"ronal tnvenaity of Wight sent. gt by 
slr 0,000 48 = 14400 000 
‘ifs dataaee of the miror i 25.5 
srt 
1 aren 
at a distanee of 1111 gare ie Be a 


‘The resistance fw on tha RWiteh boned 
fat the light te tn serie with the mata, 


ripe yates Bre 





CHRONOGRAP: 


1 the exyoriwental work, of tet 
ine, ets. cit hocniting neon 

EC. Tere 
whl pe bore vf the 
grn_antl during hight, Chronogeaphs of 
“nrg ort re tae ort parE. 

in order ta nsearatn the veldlty of 
projectile during. fight, two eoroens of 
Uiriots ate set up th tle colurse of the 

prio iy 100" fect apart, 
‘hoe’ agfeci ordiaarily consiat of & 
Taine of wood enPrying a number 

sazall paeslial ecpperorinan ita creas 
ing-ot the wires th ihe successive frames 
‘ny thn prajestile onnsee thotnterruption 
ol thelcarrent through the Instrument, 
And. thus ragistore the timo of Bight 
tween the borsens. 

Probably the best-known tostrument 
or thislane i the one Invented by Cap 
tain [oo Boulenge of the Belgian 
ry, whieh wastaftorwarde modified by 
Gapiain Broger. 


Boulengi Chronograph. 
‘This tnstrument depends for its mew. 
racy pon tho haw of fling adios of the 
accel ‘lon dae to gravity, Hamoly 32 rea 
eft donaitiwot’a, vartonl column (Fig. 2) to which are nftxed two eleatro 
magnots the Fight-handone, A, ix wothated by tho eurreat of Lhe fy! Trane 





























CHnONOURAPHS, we BET) 


seve currence 


The Boutengé chropogray monnuren vloets at one ‘ 
ea ease 

& et 
pe) ae 








Por sueh pury Instrument must be nod which elude 
time of auch ithe pheooeua dy ho 
‘There are vsoversl instruments of this oh the: ‘boat eat 
Sctiuite ehronuscope, Th this lostrimont a dean (@), one meter tn clecum 
Feros canned with ong of iam bine deve by the aan 
nont and weight, so A» to revolve ones pegncend wand 
At the game time slowly adenine, jeputtudinaly io, fook of 
frountad oa atpgort and tanked By two thot atari 
Tork (cy, vibrating 29 chmes % voend Un ue link of this fork ia quill d 
Sites tone ihe on the bieckened surfise ofthe dean, amd tistwfore 
will record 25) complete vibrations Cor teks, negolaioe ok ec dewnys. 
A toloscope with micrometer (not shown tu drawt He, can ata te 
the mupport fork sand eagh vibration of the fork, Lraao ad the tn 
of a carve, can be subdivided da 1000 parts, thus a a rewdli 
Matte tovertee of one assonde --On th wien de Lin ae 
ainall pointer which tages & straight Hneon the drum. This polotor sii an 
‘loneefeat conneetion ‘with nn nesurnta ehronoiwetar witel AL eRe Whit 
second closes the elreult and cagses the pointer to maky ® nuccamian of 
records ou the revolving dram. ‘There onc sorve tts, starting ppalive to: 
oun ie’ numberof vibrations of tho tuning fork, wad to ehock Kha wp 
orery laltweuonds 
imvarder to manetire the velocity of projeetilos, the gun must be fitted 
aicng he borate spacial ohertioat cies mnkes, Gee 
foot opnrt..” Kneh oifeule beesket is xo cnustencted thatthe current 1s 
interrupted as the pr i een bat is made in Hof iho projectile 
‘titan Beeakery, With apysopriate battery, are all in one elrenit with th 
oun Dreier, With ‘are ull none elrouit with the 
Rennie terete comes vara memeen anne 
ron iivmoncone. While the other termes eon: 
SEiuPat's ne pola pear eeptplasbeoed aciueo af tha rena eset, 






















































/oHmonocRArHS, = TD 
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| | vi i 
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Tp note upon tho 
vedl opposite the extyonilties of the eore. These 
Acnres. sre fastened 10 tha end of the two lovers XW", whleli are 

is «ye, porallel to tho asis of tho biliancewhoel nad 


ee 


rs 
B16, 8 Construction of Nene. 





f |, The othwe ends of the I and by ta 
pL SIUES a wopurting tren Bot tn oeieyc pene tals Goa tro fote 
Rp rer thato duo to tha tension of tua epring, bee aut 











‘Until resent); en ise mace Jn the 
ten, Ba Biter Sere oo te ts oe 
Pi for Cus purpose, sack yuu are now bela 
rm 
aie following data. is taken from rovent teats of Hh ssid Stele 
Mi inutnite comet of ¥ 

one 3. ae ected directly by spur gearing to the Ke shatt ot 
the travereing mee 
re QnEE Aa Siolor Bae ‘operating both the elevating the 

Tk hand brake applied to a dram on mals eran shaft of tnvorsing goat. 

ko oreepemerernirs 
retina whi eae REL 
aya tis, fing, gu, ope nouns al moving pats of carriage, 


Mesulee. 
“TRAVRRSING MOTOR. 

420 volta. 
‘At fuilspeed, {ee Yo ata. 

1.8 effective HP. 
At half epoed, Ee Binet Tanning. 

FA ee are AP. 
Blowest epcod. (es aces: ‘ats 


ime required to traverse through entire feld of fre, 108° 97 twentyilee 
saconds ol ti. 


BERYATISG AMD IHTRACTING MOTOR, — 


in deprewulng thre extreme oe veal jyaod. 

hn "1 

peta a 4.0ettoctive HPs 
Time, 22 Ms seconds, 


In slovating gun through oe {ears Hin speed, 
nema range. ik 


‘Hino, at seconde, 





es 


DEVENSIVE MINIS. ’ 723 


Hr rs ae te os 


prevents acoidental closing of the 
DEFENSIVE MXNES. my 


A riing te ae) of eeplosive contained tn no Heh ie moored be~ 
neath the suriace ot a nnd or waver. he. ‘tilt eyeata ae 
Around seacoast fortiteations aeetor the most pare afenaive in thelr a= 
‘aoter, Axed it position, and hidden, =" 

A defensive tnine Js either self-aeting, — a mine h 1, cousen 
to ba under control, and is Heed by monna within taal, al or elec: 
{ieal,--ox coutrolfedy 4 tune Oifed with electrical ayparatusy which ui 
ples a diant pecan to ascent ts wondition, and to fire it at any thine; 
it may alao be fred automat! he ’ £ 

XSite mt thay be tain Zour dierent ayes Gy untae wht 
tue minsoniy at wil af eh ppm ony) by contact otis 
of {eotrolind sox mide pug be elehat & Bueyant ine whore 
oc’ foat Denoatl ihe snringo, and contain Dots the ebarge td olatitenl 
oparatus, oF aucognd mine,’ The ltier ts tn Evy 
THbal sppartice: dots} or feet bemoan the wsrinos 

teal 8 or: luriase, one 

Gi ‘wires loa 10 two oF three SampronLeclunché eet, whieh ara 

put in cizoult with the torpedo casomates uf the foetltioation, 


To 8 tha Mes Sth st te genoe 

















7 
Pio. 12, Electrical Land Mino. 


Tho wlentch uhowws # salC-voting oleetrionl land ming, ant ie soltoxptann 
tony Ty Walaa three feud Wires nine may be Bir iy the enc mca 
that witht ity urhy the operator at Uke wlatlon. 


Omourr Crome 1x Toxasoo. 
(See Mig. 139 
NS permanent magnet with attached eleotro-magnets N and 5, 
‘Ay armature Whove adjusting spring near Kc bolds it away from the mag~ 
while n weak current flows in through the elecero-magmnot ely tk 
Vion to wieiee tho parmanone smugnits “Bue it metromger current How 
the arimaiures attcnetee, and stleks bo the mange, watil aveverae euerent fe 
Sont it.The spring then drawe the armataro away, and bronkh the eontuot, 
e'the elrouik clunoe Ie MV. 
1B tae bl oe dtr, hal ana 
Tasik thread unig through the Potion wxls of ehe Bal tin funt- 
‘ing screw 1 He arcatare. When 1 0} string: sity inte the brass ball 
Hehognooked niin ha mean of the str fe armature Agaoyt 
{ihe poles where it stleke, 
Te, 10N0-on1 Pealhtance colt, Whe H CUE Out Of Khe tnihS AeAANK WY Ths 
contact of K on We 
$5, printngcharge. 
hi 


ie 














DEFENSIVE MINES. 725 





OPERATING BOX ON SHORE 
Fiq. 13. Diagram of torpedo trout eloser and CONKERS, 





Ey 


CERTAIN USES OP RLECTRICITY IN U.S, ARMY, 





Field 





lephones and Ty 





raphe, 


But tlette te to be ahd of Meld telophowes nnd Lelegrap! 
Aiffor from comercial Instrumente except in thelr pork 
ty carried on reels mounted on whocled tr 
CULE OM Poles ke the occasion, demands. 
‘Whioh mauy' be strapped te a man's back to run wirew to places otherwise 
‘Pie work t be dove by Held celegrophors ly Lowever, at 
Reaping © 0 

















rai 





Mor sonxtantiy in Lowel With his OWtpeeth 








ELECTRICITY IN (THE UNITED STATES 


wna ication of elvetrioit aa tm the | Usted sates: the 
nent Lang e/uiy. 001) i as (4 nearer 
eet chupte tights sourebtights, an ‘leva ts ara 
ag ponse ‘applingcus (he Currek turn 
voisting: mand at als sata 

jis partly steam a dlectrle, om whe practi 
Copies etetne! dete wgehes ai hoa erate ate 

epyaueunfal lita ena nro ue seat 


eunlcay ce ana gaa isd, ul ee mise 

eopenncata yan ole 

doors now eRe eke; eee earn "Kea te = 
‘seeamn, 

Ineioe cbmeresioaan, eoplnaces i ee eee 
4 some cua paraltoked witht Tor example yulee 
‘tubes paralleling telephones. 















DINAMO noOM, 


oom, Ripe sbaor dhe: pr ie al ae eae lee 


roums, s0 us to secure a divect lead of steam ph 





GENERATING. SETS. 


‘The following are tho principal requirements oontalned Im the standard 
speciiloations for gonorating seta > 


Generators to be of the direct current eompound-wonnd amith 
ving 80 volte at the torminala, ‘Phe ‘oounpoundiy 4 be auch ak bt ak es 
Gesighed hormal speed ‘the vollageabalt ae wo polit of the extern) CAI 
loteristic curve vary more than 1-5 volts from. 
‘There shall be no sy aie Eee “at the bruabes when the 
se in operation wit Bt eh toe al thee be any dai soa 
‘nari with Shang of we hat toy ee rts nat 
Q ihe - lowablis temperature rises above the air after % rary un ae 
all toa 









Fiol and armature windings... + OPP. 
COMMMIALON ee et te se ae TER 


‘Tho temperature of windings to de calaulated fron) thoir resistance 
and of tho sommutalor to be mouured by thermoleter, 

Generator to stand an over-load of & per cent for wo hours without 
{ojory, and the engine to bo whle to produce harm voltage with this evens 

Tilation raistanes t Ne one magchin, tested with arama not greater 
‘han 1000 oles. 

"The ebange of voltage at the terminals of the veususred on 
aaa tnd ‘Hot ty exeoad 10 volte, When fll ond te auddenly 
thrown on oF off. 

by a tmagnetic Held to ts Wha pe at a dintuncn of 1 Covet. 

Insalating eubstancs asod wot 0 be injured by rernporntinee of 2000 Fy, 


Engine: 
engines to war snow, egoncrmically at 100 pounds staan prewaare tt goin 


nn ‘imple; vuowgm being 25 whey mnt 
geared Srna RmePsraann Moe the oe maak 


prowsnres, pa 























wie ee sht of omy 
aoe ee 


astalted on te tatest shew 


oe 
oo ES 
— 


Bw ‘at 400, i ee 










Bsr 
Throw of rut 
Phrow: 


uaavisa Apren Foun noome wen wan 
Armature core surface . 
Gomsutator bars oi. so 


Engine ae ie glee 
SES Ss. reas tts 


STEAM-PEPENG. - 
Tho dynamo room is suppliod by n special Sloane ote thc x unually | 
ay al 





sconneeted that i can take team ites from 
inary ateam pip ato tea ae 


iets ee ieee Bs dioaa ee a 
mth 0) ut trot oD a@t jolnw a nen ol 
HE 














with the ees, eorelon of the ue ane 
low the revel ot ‘of the muxtiaery alin in 
tho aommon exbay ete fore it 
exhaust, Thin soparaior is deal yk « a cae yd 
imhtomnttoaity so ‘it oa in te 
oparntor, whieh Moab abarts i» When aad shops 
Tevhen ernpty. 
AWITCHHOARDS, 

The Husk shes tie of the design of aeiaeraton ‘switchboard for ® oavAl 
‘yosual fable to comnodt wy murder of gonorators eam et ed 
bars. wore Are asl spony hue or 
system, one forthe tei, i, one furs 





oh uarret, ean ot ae ‘onto Dehn 
Torming the ourretsy 1h nt 


jacessary to te Femara 
furreh Sepmcnte ejualiuar Uoses are ‘provided for" bot eee un 


ed to the ditterent appliances ty monne of dlatetbatton 
sienna whi iat moos one or agai ue for 
ower and Arb conned dite toch sureeapeniing shat 
rat oar Pear ru dnt ry thaw dirt 
‘ouch fooder bela: providad with a fur ‘Distrtbiation 
otis loeatest at Varions patts of the ship and sownetiines Yoade eon 


wows with the musia er itteibo a 

Se oan vem 

el te 
conmected on exactly Like die tour sown, 
iboard earrying x doubie-pote eireult hresker: thd 






















orator has 


rarely ruling son ver fa tars orig he aga 
shows OFAtOTS: Lx nt Jn pare ies an ep ‘power (ha 
BorMafoue om the ight tn je arree foal 
Tt Ie et Hee generators ee ower an ge 
cane hae ee Sgtlehaad ade ef there ipl a sie 
gai east trove Bel hota, ee ach 


in 
" ing hae the meaty Uses 

fit irom th paver bur mn throng tefl else tnd fo 
tite comin fn the surrete 








ps ‘yer i 


uinentionny tes 

oil dara nonpeon ra eee 

sSatherepetastied nora ae i three EA 
aractariting af 

dG nik Save Su prmetice) steskfew bee Melted ot 


tents: 





Methods of Insulating Conductors, — 


eee oe 


the he proteetiye nea ‘wherever wit 
ho weathor. vel cnet 


5 Jui thie h ‘ass If 
bois po Fone materight vaiegieene nities 
of age by a staiting-hox ani 





Inara hihi the run ny wate ane aii 
injury tn patient oa adie 

SRI ale ie uot bat aap seompariment ia aca 
lined where conduit pasoos vertleally torough dovtes and 


be ee ratty ord i, ving panes wena 
ron 
i moverod with woodon Sappiag. 


backing plece funtened 0 es 
pase th rater ughe Bune 


a 
sh ole eis aoa a 








roner fetsceuret hy, sare 
Dutktvead sturg-bos ls provldod Yar watec-tightgss. 

3. Poveolain aupports are ak ynuniy foome and for de Tong feeders 
spilt ares to is wig soar 
Brafting-tahes are used i wttos pass FoR boleheadas the tune 
ag with moldings 





Connection Boxes, 


At} conductoreaty branch by beg ran to andy thon Boxes, 
with are tuo Witsoe" te hae 
ire. tappedy to ave the oonduit-nerowod. into them | wh ‘i 

Boreal de te tox ar providg wit) abuts, tie box ever 
“ie watertight with rier gua; ane tho Fed and 

teipe ate moun 















TAGHETING. SYSTEM. 
Wiring. 
exam, drop aN} t 

ata "Maina ure routed rae ite roughoutrand torte 
{ood circular milla per ampere of 

Fixtures, | 
sont se eee in rs eon of ditrynt 
Sind gn int ose an Cian Renan Bie 


sanggen iv ony eae one ins i walle aga pen piece atd 
os ‘ Shae eee 
engi oe compart 2 oe wes Sat 












et be fa opanas 
iN iat 


‘\uedty ais steady eu 
ato al be papa 


front of th cant ‘one 
of eed ee tho uther: 
Secomeet Roose 

vo 00 aTrangesd wr can bo ae in paso on th 


aul. 





Blecteicatly Controlled Projector. 


tyr sbint olga cui wit far of pons an a fog he hee 
‘loa and tho othor the al 


‘horigentnt 
moldive an sone ee mee 





throwing oot ot fn the motor Sedat ‘can Deon 
Cd eee ae MOLT AM 7 pen 2 ana 
ont roy Hii any dea ito ‘trom. 
Fa Bee sae ite ar i 
Wished to oauee tie or 
gl iL eause the rant tre ene) per motor in 
: 





Jen ep ctae ba i colo Pieran oxoopting 
Mee tama oon coh Don eats ta 
Pa ony i Sino, 


bats) Taino project a beam of | t ists aals is 
ror ae ‘ion, ee icra he 
Jeotor, aka di ‘ithe that 5,00) yur nnd tho 3h prajotor, 


Ate dltacon iy suneretalt a ruantactred 
arava : 


by the General Ieectria ony gras The 
ihe advo etree patente Matagean ea 
cusiy proved. a 


ee 






















“rho horigomial 
coal mator through & 

hie biglcatepovds a E 

eons Waceiealive ive abotos ° 
*einivian ha’, stag gt te 


maghot in shunt with the ro, “peootnes 
current 


fematre sibrate Ouc€ and Roth, ada, Mog 


Uhrougle aratchet whieh. the feed ncrewn. 
Ta hs 
magnet will, begin to feed poe Ny moans 


fied ae ent th 








holes are provid Th be. 

magma, fastened to the ins inet act 
‘it‘etdes but the top, eaagos the aze to burn atoudily Tone the upper 

tha carte aid in focus with 





(heseont ented neue faitenbourd nd after belng, one at 
Ulich are aeed at honwitebooarde ff awianess | eee hres 


SIGNAL RIGHTS. } 





Ardois Signals: } 
conalst of four double lanterns, each ¢ont area 
Bee Mate 







vey have oituer theif Fedor white lam igh th 
a by which any erin ean Mt tigaatea. tHe tampa used 
Sty ot the Heater eqtbted ret. Che Tne med 
Te sontealae cenaate fight "with ioeas of Bard 
robber set in the loner edges where needed, 
on the ohges 





‘comter td 
With eight plunger comtacia rub ‘of the plates,” BY sO: 
iy ating! thw pienea of tied “Tiber for Any elvan postion of Ee 
contts, any dealred combination of ight can be prodiar 

{The operation wont in ving i a aren ts to the 
position desired Gan ahown by a pointer on an tndicatlng dint) aud closing 
Fiteoperating switeh, whan the proper tampa Will Hit, 


Teock Might 


The truck lights sine lantorne of eonstruetion sltollar to the Ardole 
tunterns, meuntory ene an the top of both ths fore and suatn mast, BY 
pe ‘a npoctal controller the red or white light in either lantern ean bo 














Motors arg kept ontizehy-separnte from lghte Ty the vse of diferent 
Se ae eet gee 
wot ot Ero own feed i 

steal het rei ae ihe Swe Fasodpwitehe A minal drop of 
‘per cont ta olMyeds 


Principal Mequirements of Specifications for Motors. 





Rides mhowo 4 TEE. 
Armoturos te be 
wouuid and ensily Pena 








ited. shunt coll weeds the tm Hoquirea. for the Weld 
tit chant oat , : 
Fe eer race tt 


; At of 
bounted 
{ack St teat in lagsotns Ee Fy i. 
connected to % ae DUNN a 
ia ia ore en 
naet of short be the 
Fate of ome per 
‘isa tana 
‘eden uae ate ie tet ‘de, Eiken ‘ 
snipe, “Tho ttton varied constlersh\y tor dierent turreln, 
Wocward vorret cane" Koatwarga” gave /— 
‘Turutug wl constant full speed, 
























Tang or motors: rae : 
men ferent badnan BEE” 
Maximum When hecelera tind at 1 

ull peod 10 10 


Laputof motors, st 
Output etmotare 2S Se 
in wast the enualert Funnlng of thie fe 


pst 
‘Parahag nt sourdunt fal speed, 


Kinyut of mownw ee Le eee 


The rotors ty he greatly overpowered for the work, this to 
allow fr ‘Grernnning any deformation OF truck rollers, ett Which Might 
oepiremeas ot ew obtawed :— 

The turrols wore awuily ntattad nnd stopped with 1 rovuting movement of 
osccona of are, which equate & movement of about 8 inches at 14000 yards 


r 

“This Ie a movement much smaller than rhe visual sng covered hy the 
xia hilo th asin teevoope 99 tae Whe neneer of train Ye wo 
Hota ab ka Vocaedt Tse tok oketide gl fdas eundeiaehe sepals 
astimnes none bour, with astop Deny made AC exch beam posltion MuriOy 


each trip. p 
‘The netons ayed were entirly Inclowoa and weighed 6,700 pounda, 





IED. 














‘Loading and Framing Gear for Gums, 
Guy of 124nch and over Axo elevated avd rainmest by power, smaller guns 


nave bund gear 
"Tho cloval or 12 inoh and 13-In0h guns conalsts of a2 HP, 40-rolt, 
Real hen chitvcamecting oe poten ee 
En C 
‘Ordinary rt reomivol tp saed wis 2» vegan S 


Lineh gun at thie rate Of par waite, SR sae AG 


i | 


AMMUNITION HOI8TS TAL 





Pia, 4, Diagram of Connections for 1-ineb Ammunition Hoist, 


SHUNT MOTOR 


BoLenoiy BRAKE 








Hoints for S-inch Ammunition. 


und controlled tn a sfmilar 
Hakes ane replaced with an. ordl- 
mi. Shunt MOteT Lo Holt & botal lusd 


folvte for amutler ammunition are m 
¥ an the abure, exceys the solenetd 
brake, operated by a fo 
neh holies weed 6 Hal 
de Wt 168. Foe Per mitNINce, 
‘oats gave avornge Peete Of, 





















Mochantoal H.P_in toad 45 
Inpat of motor, B.l1 : r 
Total oficienoy . 2 a 





BOAT CRANKS. 8 





rotating, since tt givas im emoothar stop, 
‘or'bolkings tht poaltion 2 the covtroer aoe ise the Arm 
Turn, pivmga quick and positive sap. 

K'iGvoatotoum cutter ie the largest bont handled, and wolgie complote 
1uoo pounds 


———=an 1] snuNT 


MOTOR 











ROTATE 
Sow our 
Hoist 


t 
COMMUTATING 
SWITCH 





COLLECTOR RINGS, 
‘ON CRANE 


FiG, 0, Diagrams of Connootiona for Boat Crane Motors 








‘The welght of the eowaplote ornne te 64,000 pounds, 
Mote 00 a, ala e-pan in entirely fastened ond watertight and 
walghe 6200 pounds? ‘Currant ie mapped throngs collostor ngs mounted 
On fie eranen. ‘Fhe coutrolier im water-tight and she circuit breaker ie 














Input of motor to hoist... . 2. 73 EHR. 
Input of motor torotate, 22] a9 EHP) 





It is seen that the motor is very much overpowered for th 
renjltods but this ip done to bara large: margin to beable is a 
in"roush’ wenther when the ship ta. rolling. “Especial strain ¥ll 
Tuced when rotating a boat in when the ship is heeled over, and aa 
tho Inertin effect of rolling. 











DECK WINCHES. 


‘The electric deck winchon of the U.S.8. + Kearsarge” and “Ki 
opine sr tla? eed Sacaay «Stan Spaniel 
Siinfcuresin tive winch da 

‘The control ig ordinary rheostatic, with the controller suspended bal 
tally from the deck underneath the winch and operated by a verte! 
ties pitt beel quae, Braking Ww nsconplnded bya lea ret 
tng a Vrake-tapd For ordinary Workiog the ‘courier iu trad 
full speed and the winch allowed to run continuously, the load bela 
frolied Ty taking several turns of the hoisting-rope ‘around the! 
Neus Tite aif ond can be very bicly controle a chs masa 

The ¢: ry of the winches‘ le 2,200 pounds at 300 feet per mint 
two winches ate provided with a compound gear which can be Diva 
five 4 speed of i) feet par minute with & corresponding pal 
Ende ite motors hte" Hobs with a fal load’ peed of SDtBE 
Sen te winch te allowed to rin without loud the speed of 
meraater ty atone 9001 p.m 

Stic isting 200 bounds at 200 feet per minute, the aren 
revalte were’ 


‘Mechantcal H.P. in load + HP. 


Inputofmotor 2... 2 121) a8 RP. 
TotaleMeieney 2 2222 2 SD Bea 




















0 entirely inclosed and water-tight, and were tested fo 
, wy pluxini a stream ‘of salt water from the fire-bore « 
without any water enterin 


















Steol piste. « [Blower 


No.8 Monogram, | Bx- 
‘Sturtovaut .' /hauster| 


No.5 Monogram, | Tix 
‘Sturtavant -' |hauster| 


No.3 Monogram, 
'tariarant - 
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Eloctrieal socring-genty are, not at present abl In the Untied! 
Navy bot ate scunin? dae ta fvbien wariens One: toibed used te 
Moh inne diagram of euheetions Mewhieh SC 18 aKUNE MOO 

ted from the sis alos and vunning soniibsousty a constant, sEeod 
its shaft ls directly coupled Wo G, a shut generator, the LWwo rs 


SHIPS NAINS 

















Fro, 6, Diagram of Stooring-Gonr, 


woter gencrator aot and coated at any dealred place, ont conrentntly in 
ihe iyhamo toon. Pa a ahiunt-¢molor youred by seal scgeuring ane 
rudder post, and haw ite feld conatantly exvited from the ship's main, 





‘iruahos ate’ ditectiy gonnoctnd to the Brushes of the coaataally ung 
generator dX no Wate to oqaat ad ssmmetrion! thocatnta, the con 








tact arm of R belng attnched to ider’ port oF oy 1 of Ite gouring 
ied i ad Nie A A tata 
mht 


to she ntooring’whest.. The ena ot the nel ot @ nee con 
ected 10 these tia Sonteck whine, ind tho Evo" rhsoetats aro eonmocted 
‘crows the ship's mai 

Te is tow sen that the two rhoostals aud the deld of G form a Whents 
anole helige, the parts of the cheestat ow enh side of See CT, 
boing the four resistances, the tleld of (i, taki 
eter “and the Line being the batters. ‘Shi Se bate 





TAG eEkerRictry iN THR UNIT 





Scepter et a 


movement mae 
‘no wureent will Ho 
1M. 


"will depend upon the 
mot WW Tk de thus soem that tia hem OF 


Listead of eS c ming the uber ate, 
Fo ES 
ee 
the fret movement of the stoering-wheel ¢onneot the 
directly vo the stiij ip yan and the motion of the 0 
eee enone 
pruportivual bo the original movement of the: 
ee 
— 


she 
spear Ba iiee destribed by ge 
te ssronll exoiter for the generator mountad On 
Hold of thin exciter tm corectod with 1 
“ nto Dal Stack Tho niotor wt 
a 


me ee generator at 360 amporos 
niods of thne. The motorgannrater rane a. 
tbe euber mo isa J 
anos Welgh 1,000, poi 


ait eng cnally enable 








tie abort shunt ary ena ‘ 





‘Hing qui und oney seartnge while fo etna 
nae to et oR eon vest ands 


omergoney control ded by monns of 

{ian We chobed a the ste fave dro ah weslved pase, such we Che etiing 
Phe li the 5 

er sata ropa connection for the control of 

‘unl Ware twe eaparite olan nttuched cores, 
lusulathog washer toss contaelufnse Wifey take and anne 
‘AcrORE bsisig aps -og dyete. When a sols te it 
7 


closed 
acuta aa iris 





‘he aring inbhe coxtuct arose te two ut cll 
‘in nok emergeed th the cove wilt outcs ft to drop amd 
ake eontuct across the tee lower palesc clipe 
and ary Ah iui saith je W 
appar limitet travel, bul ik elowed at et heart. 
hand pair of contacts and closes (he wight 
extreme down ponition, but at all other post the 
‘tnd open ae the right. ‘Pho Toft hoinl eoatacts form the limit awitehy 
ME thet cent conta awit at tie doors 

‘al ewitoh af door, and enn be 
eige of the nen 8 la me with a spring which Weep Ht 
fs iihe einergoney vontrol avitsh, aud Je located at any doalred polnt on 


tne hip. 
ih’ f signal lamp located near Kut the emergenay sbutlon, 
2 kn tae tne ee a 
‘The operation it as yw = : 

‘Sroun. Move local control wwitch C tote right-aand eons 
cate al serine vende nee beng Arm tah Ato 
‘arm’ of ©, dirough 17, through &, across contaets 4, to main B. wi 
telt'th ‘ome af ani thee Wh cout aaron coe ht 

hn ale 


















Tiequnsc wih be conmotted to Hoe maine es ution motor, 
idle. The elrowls is from main A through contacts 6, through tl 
‘ure, acme contict 7, rough the series fleld to mat ‘By and, tbe 
CE ae ae ayer icant epeetue nul gvitah Bemis 

ii che hor renahes ite upper tht ad opens tho Liat sites By 
aa ae ae eae eae koa allow tbe Gore to tall, hun chuning’ed the 


motor i 
Te close Door, —More avitoh to ite left-hand contiet, which will 
euentize solonoll 3, the clecuib being from main A Theogh apm of 6 
‘Tirol L, NoRORS ts B, ET farles fed oll fo enada Be bis with 
Faun the curs of 3 atid connect ssontiote Land 3, kn the wwotor Mel 
He oornected to the mals With bot the shunt and scrive colle in nae, ‘he 
cireult ie rom malo A theough eontaels 1, through Armature, chgongh, cate 
ners 3 thout series coll fo malt Band for tho shout eld ts from main 
Mttrongh shunt Held to sidq of srmacire which connects (, Use nexien coll 
od throagh It to main B, giving aghore sbunt connection. ‘This Will exmay 
ie motor run inthe ower Aeon wnt le reteaned an ye Hat 
rowel 
‘Wlimever he nutor fe stopped both sanakte are he wa tens sO So, 
fd the AFM an. x Ss 
‘ah ‘iteat nee Wieteuees = 


SE Sactal waking: 





bei 
ct 


















INTEHION COMMUNICATION sYUrEM. 749 





elrente is from igh acarlmabbascotell 


Through rantants wanes cn 


er shea 
"int, eine Olowy onnects the pryot of C fa Jett 
it ene eaten ne ei 


hat the sna Shee aire t the action of ©, siace ee cay 
Inaved teont ie sovter PoIDEE ist oh es 

AE the door ts elowed a§ the. sy Btu thor by " 
wil gti ung Soon te door sre 


The wea fon on ‘alt the 


through KE, vee main As 


aia ee ee eral 
dot, or Uhe doore nya) be ieyted tyf0) fei tones ee 


‘ie merge es 
clout a et he oi tn ta oe heh 

so ndbuted that the Moe will tenth sats Pi taal ne 
ober With a eT fimo Moshi Detwi sean. ea 

Saino eurent kn Sparators sont woul noo f 


Se aie ‘yatem e Hn hy tha Long Atm 


Gteveland, 
ie oltowing reulte wate abated on test 

















‘tw start the door down. . 
Xtonying wiileeloging at” > 


Fea Sedteteras at 
Prec suite gery Solel aR, 
silliteher of the tpi 


A Lat neve oi “ 
on SE a EN es enictgh 
wo the closed Haronghe thls Goal hig steven bales deg ie AIT 
ae 

To otart the door down...) ee 


18 
Corving oroaeh coal wnt wit aie af sent 












ngesbeale ME es ve ten 
{While diving Yoose coat xhyoughs the hollow #ill 
thowmaeteremped ee eg 


ANTERION COMMUNICATION SYSTEM. 


We lalerinr commantention ssater of & ship conslata of 
adie atpplimacee for tranasaveclag slgaate of all kids from 
UO the aly to another 





Order and Position Tndicators, 


Minny devtons hinys Deon sled for uhp alectrien! teannnbston, of pre 
laniged orders, of the poniitan of moving body, auch Ne a ruddar-hetd 
vttive vhost seems and thee generally Ynpkalled eopeiats atthe Fee 
colving ondof wnumber of email Ineandogcont lamps, each mounted ba 











small agg eal ngy bt coll with a front, and the ie inclomed Lin 
at rpms ates los 
ele sy nage pn ack cle paren pr 





dionto, "This revelver ls conneoted to the ier by a obio having 




























she desired 


Speen 
i hat caoe 
cute ail ufoeetion ne tide wntersighe 





Fire Alarms, | 


‘The frealarm system consists of merourial then tn oll 
‘he ciip, Set connected fo an Minunelatar ta th enbaaiie e 
Papi thormovttte soneist fm hermetic yee ree tthe ‘sng 
sal Ry 
ay 


mereary, wad provided with as, 
ata temparature of 200° 1. thie have et 
ako contant with the platinuy ite 
ing ut the ‘nanelator ale Tocatien ie ie > Weated erm iat 
cintor is provided with a bel ete ing conta ‘tint 
corresponding to the indenting i “Buttery cure 

Watertight Door Alarms, 


‘To give w.genoral signa) for the closing of all water-t 
of nara wii ed, tne wet -onaate elcid wie 
ita "core dua hate analy eboinbat, and thie fortes the airont 
tial shri” ia restored apn eproge. All whelen 
fire connected, tn parallel, and. Arg operated bya Mak 

iem, which by the pulling déa lover Wil Interrupt the eireuit contin 

foe about so meeodtts, ends tuverruption, giving m blast Aron enels Whe 
Current fromthe lightning maine nsed. 














SOLENOED ALARM WHISTLE. 
coma ar eatin My tlatng nepal en a 
wound: pavand uponrelenian the lower rates thecantact lier 
down, thus giving pertodioal signals, 
Call Bells, 


An elaborate nyater of ealt tells, ice electro-mechanieal 
gongs, ete, ie inavntied om all Tange “The ain dferense fron 








Fury comnletclal work is that all Bppllances are made water-tight. 
WESCELEANKOUS, 
Range-Findes. 


mnt dra Ey Uae aay Wake te Una Staton Wang 
tn Figs 10 tot ify oprennt the target aid AC a known aoe. 
AC? NE2 5 sin ABC: ain BAC, 


‘The angle 420 can boreadily moaned, ‘The angle RACH DEES 
sine BE Pain pasado aCe 





He Me 
onal 
ial 
He 





2 
a3 
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"HHOMHOOND 
‘AG G3Lvuad0 
YINYN LOVINOD 











MISCELLANEOUS, 


MISCELLANEOUS. 
TMENMO-ELECTRIC SCALE. 
Lf 30° 0. (ata 
rah eee ie Jon Beg mean, temperate of (Mat Uitenaea,) 
Mlemnath of gommorae In wire hee Aptimany, pur, nie 





Cobuilt 









Gerinnn Be ye ey con Ta Arwen yet ea, 
fade. Lo ett i Aan erp ag 

dapper oF PLS SIN) suit, juimaha tales = fan 
Era inves ee 000 | DM rrvia (red) 20.70, 





Gold. 122 | Tellueie 


Selentuw yee eg oe 





CONNECKIONS OF KXDUCKION CORK. 





Fra. 


niles to Figure. 
1), = Termlanle to which wires frou 
Thattory ure attached. 
iat tonto fr emaving oe euthng of eure 
GS Contact sre pint-poluted in prin ea) 
= Hammer Gott iran}, the movemeit-of which gampletes und 
Bronk rete ne Poin Z 
jenser fur arresting Uhe momentary disvet indeed eurrent. 
vimary elt st MOK ‘wire, throug ‘Which, Luttacy purteMt 


dcomtary coil’ of fine wine (woll Insulated) la which sparking 
parc fisctnigere ted vo ends ot esoudaty et 
7 7 
PAS Bear Gare bolag.n bustle ot sory aoft ton whtehe 
POWER REQUIRED POM SEWENG-MACHENES. 


Lighbeuming ss 6 + + WW tnachinws to Thy 
eis wor sia! sale ee 


sewing» 
Battonshote mobs 
























Works 4 

one de 
ode| Me 
MT 


Sellers & 
oan 

‘pana Mash! Toul C 
Prate  waitaey CO. 
Brown & Sharpe © 
_— 











MISCELLANEOUS. 761 


MATERIAL REQUIRED FOR CONNECTING IN 








LAMPS. 
aris.) 

Sleet-proof pulleys... 90.75 ene, 0 
Streetlamp cleate, iron | Ea 1 
Arc-lump cord ce 125 nd. ft. | 25 
Suspension cable. . + + “02k ft. 2000 ft. 
ardrubber tube «<5 1504p. 5 Ibs. 
Softrubber tubing : . mo ft. 200 ft. 
Arecutont sw. Ss 3.50 each 20 
Porcelain insulators and 

merewa ee ee ee | ee | 240d 400 
Oak brackets’and spikes: | <5 22 | 250 10 








¢, Must be Insulated op | 
pa ae 
A higi-potential whic! 


not 
founded with an insula 


the: y 
sedermseka pou wig camo us, 
Hot Leas 







the bella mevallie comb eo 
frame throug © very igh 


neserty Sea re nl eta 
reece a aie tee ee 
the 


Inspection Departament baying ayy Ob Wi 
‘requirements. 


e, Must cach be provided with a if cover, 
oi Sieh tried a ng key ae 


minute, 





(2 Conductore— 
From generators to switdhboarda, rhoostile, OF other {artramants ahd 
roma dat bain plain oipht oF onAlly Acegenble, 
chase ate tothe ore except taal io croteal neti, ok Senne 
nas work z 
Sirti the ee whe a Taner have 6 boary brad won 
ovis hare miny be made af bate mata. 
Must Ye kept so righlly in pide that they eangot cowe Li 
Mat inal! oehae-raxpecta he instatiad unas tha same na 
aired by rulon in Class” for whten carrying a earront of tbe sama 
‘vores | poten thal, 








A. Switenbourde— 


a, Must be sa plnced. as to reduce to a migtimum the danger of sqmmanl= 
onting fire te adjae@at combartl ble materia. 

Special attention le called to the faot that ewitehbourds should not be 
built down to the floor, nor a We the cere, ae apnce of at leant ten 
or twelve _ lnebes ehonild jhe th baceeeen te Beat ns ss Dome, AIM toa 
Slahteun to twenty-four In athe . ler 
{atpravent fre frm eoarmumieating trom ths sehghhoard ts the Rove oe 
coiling, and algo Lo prevent the fe ‘8 partially concealed epace very 
liable to be used for storage of rut Wants. 

hb, Must be made of son-combustible mat ‘of of hardwood In skeleton 
foci fe to prot aor of malay 

hes be carb ade ven hn casein io ths Dusk 
ut may be ples guint n rie oF stem Wall won thy vent aNihely 
Dauthe late. 

"AT uot bo Kept treo from molature, 

¢, Bus bare must hy equipped ln aecorlance with ruley for plachyg 
condators. 





4. Mesistance Boxes and Equalicere— 
(For comatruction rate 


a, Aust be pleco om aitehbonrl or. fot therarn aka dnt of 
Sahl tretesbeorpetvey neulading oauseal oe 








Taving furtedistion 
“fe sat ‘vith a 
a 
Aisne etsy ty, Totton Bapartun 
‘rom the nararee Wh ateajan {he deealon He to 
Department having, 





uuio must be Taft fo the Tanpection 
termine In exch 









wit ee Foust rer a 
Rope | 

of ene vi eet 

Ms ?. Mullway Power Sy 

ola spe a a ae 


will inmediately cat off U 
Femina he Vout ona broproce bast and ia fa vi 








tho nto 
10, Stovage ov Primary Mutteries, 
da When oureen for light and power ty tlkon froin 
datteriew, thy sae amnsh cae 
stint iy at ‘vom onurntors 
‘sn106 of 
Bite sa ea py vent mtn 
cae ee (oe en No.3 au etsy 


‘mato it be ted 
bodies gn oe ety Stee eal eel 
a 
The of otal Hable to eorroal: wit ba avoided tn eet! 
a ucenabtay segurietosredinn sgh 





11. Transformers: 
(or conateyetion rutin, ee No, 025) 
sctoka tions fan burg st vot tolls Balt ane ae hea 
(rs oil at ra AE 


CLASS BL OUTAEDE Wonk. 
AVL SYSP R48 43D YOUTAGHA. 


9, Wires, 
a, brat reat it Ihave any wb Fubbar inantatis lin ee 
xe petite Smee 





ut (Noh. 
vera insulation squat if thatof ths coud uate’ 


| 


CLASS B. — OUTSIDI WORK. 





Fare ioe 
fod cf currant through the fiownd sete ne 


Direct Current 3-Wire Bystems, 


Beech Crimea | 


a Seuneeaeas tis ac NaneMD he a s q 
oun ‘wire must a Ts gromndesl af 


in underground 
on dierbaiba ey ‘yi hg he ‘wire must be grounded ovary £00 feet 
™, coven elon lee a pg pee a 
‘hey Seca eeamirae ee rat ech ae Teele 


“Two.wire dirent current systems haying nO ibe ny 
saueees ys Ing No accessible neutral point axe 


Alternating Current Secondary Syntems. 


b H| polit of transformers, 1t | ui 
Sa ‘Phan prowntiod tha otlowiog sige dating 


hme with 
riers feeding wire ry*twty niust be grounded at the center 
or tha cosendarg alle 
‘2. Transformer feeding eystenis with a neutral wire most hare the 
unitral ‘were: grounded a ‘Teaustorticr And at Waal every 20 feat 
Jeeptoslon Dopartnent uvhing Jacedleioa mby rrqudre grouting i toy 
doer it necoasary. 


Ground Connections. 


2 ground wiro in DC. 2-vire eyntoma must not at Central Bations 
lor than the neairal wire and nob simalter than No. 6 B, & S, else 


a The gro 4 arora, weere o hated Fo ag ne brome Mf eh 
and mask alway Wave ‘ieeamulary lent 
Ue imnatormer 9 th co aiiaal Tule where Genustorincey ers Based, 

¢, Tie ground wire ipuet, Be Kopt ntelde of bulldogs, but may te die 
rect); attache to nay att et, oe wire must be earried in ou 
iad 8 ‘hetcadght lino as possible, and ikibhe, Colle and sharp bere must De 
tre 
~The gromml eonneetions for Central Stations, transformer wal 
BR a i "nt es 
Curied fs coke below parmanont inoisture love, wnd wont lao 
be made wall avaliable vad ping system. Kor” andividual 
transformers and building servions the pie Ferien rors may be made nH 
shine ray be me twtr ot othe Rp into the 
building ‘This connection may a vying the the gt rou wey wo 
the cellar and connnating on. fh mht tar man slog 
connecting ground wires Lo pil 
wuld onan a som gn 
ferowed ato w pipetting, we where the patra aa: oe Lab ad 
tapped eens ae ih Malt. Fr large atations, where connecting Lo under 
Eat Ph tg an Wl ca” Wet 
frnzth, af te le . 

Hye {thet aefdes of the pig maar be led ie eerapeed betas 




























pluuge cannot be 
{he vite wound eroded. hand, serene raeatartin atten Asal 

‘Where gonna platen AFo/ use 6 No. 36 plato, ptout 2 8 fect fn 
tan, wtthFubout Uva fet of eruntod. coke or yo 


under and over i, would Mako aground of wulfielent oapn 


‘erate algo xbation, and would probably anwar for tho: yaubestosion 


Soe. censnnstzae | B&G. 





whenever called 


iM 
so Novag ant 


Staal 








or 

lo Bd to ve pots 

Se nirans = 
earned bs 
eee eee See fe ee 

fushewitehee are Pvoier eit: 

ae anne ape 
ey 
‘tric Light oF ae wirkag, Gd 


28, Electric Heaters— 


My satlon, ite Sime 
rigiiamatoriie sd te eedted at anuaar of hast 











‘. Munt ouch have a cutoue nid fn th (ie 
&; Must hve theateachimen tof Td wh ‘ha heaven plat nipat, 
i seat bie n a ineororonco eetidentn or sane as 
ine Hexithe conbuctory for re porate uparat, sch a roy ety 
aie have an approred iste 
i. Mast onaic be weorkied ‘wie semee-ite, giving the maker's mame and 





‘volts and ae 


LOW POTENTIAL SxsTEMs. 
00 VOLTS em LEAS, 


any onesie atloong. to any, erin by (item snip oe 
evalopa a edfurenct a? potential 
tole tna tea thn 000" olla shall Oe constlcve el  tentat 


brett, cand, cu cont under this le opp ees 
fing ilebine se uc, which gunna ar ae ar 
solu or less. fhe pricey 'arouit Wot ‘apotentia of 300 
r 24, Wires— 
GENRHAT RULES. 
(See also Noa 14,15, 0nd 16.) 
4: Hust not bold in plaster, coment or ella igh 
5; aunt hover bo Gaxtebed with stapled, 
6 Must hate fhe for any grout stance and only in plaaon where the 
dpa cope ed Wee anced ee 
“Twin wiren MIUst never be Used except In condita, oe where dexibin 
‘eondustors are neoosraty. 
‘Must be pratecte ots aldo walls fror vcnteat Injury. When cepase 
Ing floortimbare in solars or Th Toute, where they 
nr, ‘wiren moat st at he ay By rama py 


SH DOL 
than t! 





‘tne normal eupaelt 

















‘ll 'eonatructian, maine. of 
iin ‘Dodisturbod, may ho separated. about 
qa ao parece uo imbserer ‘around, and may best 

‘Stber on 
‘hi le wil Hot be tc te forbid the placing of the 
three" in the “three Provided 
ites aresepatated in sccurdanse with above tables” 


In laces, suchas 
ge laces" Paver Pulp aly of aa aly 
et acaivhenteet eammee c 
i, Mast have an approved rubber insulating eovering (see No.4) 
i Muse be tori poe 7Ripported on venccnat bey <S . 
‘tors, whic the wire at least one inch ‘from the surface’ 
Fk ey must atte ten f apart at least two and one-half inches, 
supporting Foquires under otdinary conditions, where 
fat ee es, Supports at least, Srp souysnd ont one-half feet, If th 
‘fare linble to be. disturbed, the distance between sup) 
shortened, In butldings of mill counerptions rani of, ‘No.8 B.&S.1 
rere wie G4 Heng eet treet en about four! 
td Fan from tniber bo tisber, ot breekiog anced eat 
at cach timber only, san SS 
“Must havo 10 joints or splices. 


For molding work: 


1, Must have approved rabber insulation coverin 
sm. "Must nover be placed in molding in concent of dane oon, 








Wer conduit work: 
™ Must have an approved rubber insult ering (see No 
ets, Mart: not bo drawn in anti all mechanteat work on tan wei] 
1 88 far as possible, completed. 














a oo 
Hiring ou non-conta oi ieee 


Sy ees 


prope 
broposly enters al Mitngs nd 


thee of potential tet 
ee 
saream Ro molstugs they ef Sr 


For Axture work: > 


es eee ere covert ad 
aion la tha pre Seth ees eee 
Pen manner affording oufolen aren" 


the Tntite 
sMtow this rq irom 
itnfor are wired outed, be sp saourad ant to bo out 

Wo presuare ut she fasteningovor notion of ke HAL 

29. Interior Conduite 
(See also Nos, 24 n to p, cmt 49,) 

ho object of ° it ‘extraction 
z Se aoa eae ane 
acon aro nat to hori fer uatation otwean Wife and 
Na” Nocona i ring an xia Hamer of Joe Thy teh 

eager ee noe “used lined, taomuroment to ba 

ineldgof Hin 

Ae Shuster Seca om fe Hon os to another or to Axtunns, 


nd ‘enter 
‘aut hes otaled nai compsteeaudultyatony, without 6 cone 


« Must be we pone a See Oana binds sins 
“ : 
1 ee a a ee an 


Hitea!ao'ax to pnotect whee from 
estat hare tha metal of Ao conduit permanontly and effectively 


grounded. 
26, Wixtures— 
(Seoutey No, Mt tow) 


si Post. is ate sd a fuavptping of a bliin, ve nalaged 
i plaae a titan to the te ug 

ma 1ierieg umandaed that the gaa outlet pipe bo protec ahora the ia re 

Bude i thd lower cel wheres couse la shoves withthe huitog joist 

































LOW POTENTIAL SYSTEMS. — 


ae 





a ara i cd 
a aca Merion Lampe 
mcandencont Ings tun i ala shal 





32, Comwining — 


a." Muat'ne always in-out of iter cea 


93, Car Heoues — 
i evi pana 
Seen eaenee ea 


sree uae eee ees | 
i feo 


fg ay 
Titer esa 
oe sh iar 
at ‘Tho current must be eat eo tot oa 
int eee serait 
aula wee ap te ta ees 
2 
ea ane th Pa eee i 
aa het i hn, epee oe 
flan ascns wid Guo Nat agate 
‘Injury } Se whe, sre to (Se Me 
na sfoetubtt 
mes ante hava ‘any ay ee cr'distrinution”centaving Ta tho 


witht 

"7 Mise have the rallx bonded At eased Jolt With no few than No. 2H. 
ek tmneated copper Wire, aoa a yurplementiry vite wo he xun for ench 
ited att not have cars oft with trey tn sletetea connection with the 


34. Lighting and Power from Ratlway Wires — 
a. Must not be permitted, under any the same strouit with, 
trolley wires with aground foturn, excege ia 


‘ratlway onre, ol 
‘ear houner and th stations nor sath 
gar een ii power: isi HOF shall the same dynnme be 

























MIGH-POTENTIAL SYSTEMS. 
890 "bo. 3,500 Vous. 
dou elu eit to erp machin o.com Mncton pe machines sigh fe 








sa int ali hal ho seca eS 
Feo inches edie poten ka foe 
2S. Wires — 


(See also me My 1am 10s) 


a Me ein 
i an eran fp le a dae eases exer em 








CLASS D. WINTERS BARR ETALA, AWel MRTANKA. 


Aub SrerIKs AD YOURAGKS, Lxechar&o Woes —Iivixe 40 40 4 











40, General Mules, ~s a 
saiauaeee artes eer meee ee 


mi 
‘nt whch ie vite fe eiged tbo used. 
Maus of the ital Isoupalty,abdyif desired, dnede-aame Af | 
4. Moniliand Sane when teaiutuetured Yabp 
41, Rubber Covered. 
42, Coppor for conduotore murt be thoroughly tinned. 
Tasulation for voltages betwoen O and G00. 
b. Must be of rubber of giem peered Ei ee Gas be of a thicknows 









Hob loom than that given In Che | ing table B. gauge sitesi 
From kw 16, tnelusive, 
re 
« ito ‘0000, 
i w 100,000, ©. Me 
tee arena ts 1,000,000, 


Larger than 1,000,000, 
Measurements of Insulating wall are 1 be made at the thinugst portion 
‘ra diolectrio. 


C._The wnploted covertogs nian show wa insulativa resistance of at 
Losit Tin'shngulmas per ontle-during AML ‘agh™ ‘waar ae 
sovandy Hegre Faron 

e ‘ent of tho coniegad cove must ai a dleric 
snficiane Wo vasioe theo vo minnites the applention ef an. 
Thotive forve of 3000 volts por one-rixty-fourth of aivach tulokness: of ine 
‘alata unuior the following eonditionn = 

‘th sure s¢alsratingsiatromutien forvo sol boa tanaformer ot at 
toast one Kilowatt capacity. ‘The "application ot the sleetroomotive. fore 
Uhnlldret bo nde at-4,000 volte for Ava naltutes, and thou the voltage tne 
fay alps of tt "ora. volte eu ftv tae 
the rupeire of the Inanlagion baci. The teats for Welette atremge ani 
oun ia yah uot of” whieh x autmnerged t's onduetlag Ngai Mik 
Tours in water an ‘a u 
iia'motal trough one of the traneforiner toratonle Doing souneoted to, tas. 
wire and the offer tothe metal uf the trough, 


nsulations for voltages between GOO and 9.300) 


¢,, ‘The thickness of the {uviinting walls mnst not be those given 
tn'tne tollowing tale for Jee'8 Bgaage tase b= 
rot 14 to 1. inclanlve, gy 
irom 0 0 submue, C. ME Fiy” aovared bey. a tape om brat. 
69, tae 309,000, © ‘ by lupe oe br 
J, Tho requirements ax 0) inqulation and hrenkestown resiacanes for wires 
for low potontial systema sball apply, with thu exception that an insulation 


Feslatagte of ot Jou shat 900 ire, 
ita for anelight eieeolts eeceadlag Haw vette potent salt have 


7. Wire for nn 
n fnmalatis ut not a beth wp of vn tneh in thickness, 
iva withstand hake iat at Wart 0,900 welts, a nv ah 
nvnlation Of a ingot , 
‘fh tenl an this wie ws ie mate under he yarn GHAR wwe ee 
enti 
Miposlfcatlous for Ingulations for alvemnoving Cureente exeestion SEK 

































CLASS b,— PIMMINGS, MATERIALS, AND DETATES, 779 


0. Plorible Cord — 

. Must be made of per condi each | » be mot 
poe et pa 
sai tabu beats anne 

For pendent lamps: 

Ln this obans ie included bl ‘eon 
stig a Mndwaka ed sual ts 

o. Baek 
tag BSS ee rau gteamene 

1, A tighs, of wind of fine cotton, mit bs dena 2s Steet 
% ie ee Proper, which shall be either waterproof or alows 
ne eehored corer or plik or cotton, ws ta 
tadion tad enuoing wabrt elvedli 35 also eps tie ruber fun confon 
of an 














the cope 
d. Waterproof inaulation must be solid, at leuat 

inch Ubick, and must show an inswintion resistance of 
mile thron ul two weeks’ immersion in water at 
sal tna het rene fi y-teaplonwseh ae we Tey MU, 
, atchuring Gneaaton tet bast ons cota 

ickness, ant composed of substantial, clastic, slow-burnlug maberials, 
ih WAL siitlar no damuge we s Temperate af 2 dro Hrakicunna 
tiny wit cub [CyRi nL tran oder and wre sotton Ie used Hoult be 
Imprrgnatad‘with'a ameproot punts whi will not baye‘ An iajueous 
‘tfect om tho faeulattons 


Wor portables; 
Tm this clase J Included all cord used on portable lampe, small portable 


motorn ete, 

}. Floxible eord for portable use must have waterproof tuawlation ae 
refilred tn Wecton for panes cord wank alien be prvi wi 
restore Mov espana iad ¢-withatand the Abeaaion 1¢ Will be 
subject ton the uses to whic itl bo De ple 


For portable heating apparatus: 


ae lo up na follows 
ey toga wknd of fie cote, 
pes 





















in layer of yabtier abont ‘one-one-hundredth of an inch thick, or 
RA iver of nabesies instation at least thteo-sty-fourtie of am inch 


4. A.Btout braid of cotton. 

5. por reinfe or ity a towithetand abrasion, 
nl ule taunt tsi ec aos eg re 
Sean ot nabasto, nnd it should be so put on ne to aceomplich tite: 


46, Pixture Wire— 
‘2, Must hiro 0 solid insolation, with a *low-burning, tough, outer, eover- 
sng, Masel, alll duasinvepacegnd of nn nck ne thicenan asd Ew 
an insalation coslatanen between conductors, and betwoon either eandaetor 
‘and the ground, of ar least ono mewalin per mile, after one week's evbmer- 
Bion in water at soronty dogeeas Fahrenheit, and after thee silnw 
loctrification with 590 ¥olts. 


42. Conduit Wiro— 
eat maa 
BF tcl Sales kag a lg o€ teting mwtertay ang wires 












‘van three a 
equivielant of four quarter 








Suilowe not being vounted, eee a 
UNEIED aT AT Cu degre 
ated zis eet cate 
fat Sra aa 
ce en ran on 
(jared. "The endlur af the. MEE ys ‘hen 
Ione a iat eae Donde foam Cult usb 
bolng count 
OO, Wooden ee oes ~s 
(Por wiring rulen, see No, 2) 
a, Must yy beth si jnaide, at i 











rotng one pana 
int eu ot le 

nas he wer an 

Jee ee mus ‘tor 





a reo egitin of wince ‘und graek nford wultable peote 
ot a ee caytandvd lg br, 





Switenes— > 
(S06 Now. 17 anit 229 
a. Must be monnted on non-conitastitile, nonabeorptive, ineulating bawer, 
en Nfat ha dane ey pete event 
saan Re 


tuig earn 
ad Most be plainly mar) whore it will alves vheit vane 
of tug taker and erent a oligo whe hie peek tet 





Mt Tor tonatant potent, Ayah capoens fly at 
ent vero Inne th ee A 
tite moet seve eonutions poh ‘ace en Teed w wot i re 

x Maat, foe outa ida dante, hae nw and anon congas 
niet mais and break, ‘hot ste whan motinn haw ones bean 


ena foc Sono close the snuin ciraait and discon, 
‘omstant sarrant wystonny, ose ie 
ae the brnnelt wires when tural sacha ‘nust beau eonatenetod that ey 


hall be automatic tn not #1 when started, 
Tat prevent an aro between the “areor nll -eircumatancess “they 
he currents be * on™ ar of! 


rnnet indicate, upon Inapection, whi 
Db Cutouts and Cirewit-Mroukers— 

(ror installation rulea, eee Nos. TT and 21.) 
salina bg,gopported on Dass of noncombustte, Hon-abworptie,Snsae 
kau ete povided wit cover when ot ae 


cabinetay nov Ast ie eg a ag 


contact with ny substente Sone Delgnited th 











OLASS D,— RIPTLNGS, MATERIALS, AND brats, TBD 





voltage st et ts 
sad inst be 
ohied ke toutves of leant 


(G2. Dranstormers — 
(or natattaton rales, 46 Now 1, 32, 0m 33) dee 
‘a, Must not be placed in any but motallic or other non-combustible enses, 


o SSA Mae ae vay With epnee hs 4 
“inde conditions of secre and at tha ead 


sary cll aba iia eaceaet vee Pain soe 


Snes 
oa. ceiiaiee Arrester, 
(or instatiation ruler, ree No.6). 


Mun si ‘oa ton96_ be 9p cou 
ot a a tae Ms Eee eee 
tre no moving parts 


(CLASS FM INCERLANEODS, 


aseataeinecensnk, SEES RGA caus, neo asd bungie asing a 


sinnilar 


tern 
aad ai cet a aot ng i Si wost nek te plage ok Des 
Sty ipl on fame hime ae it ee lecteie Heht or power 
wires, the dintance beoween the two Inetde fouek not 
be fone Cha Wepenron! incon, 














e. Alb nori vant wire at be undorgrous ove dent 4 sac apnonel pat 
pe ome 

Lowi ee i ar pou 

pepe Rs wet ie 





moe ker 
a stor In placed Taste rife 1 wires, frm out 
‘pont wt Wiball comply With Alay Phi 


1+ Must be of vonper, and not small than Xo 1 Sea 
2 Mat havea dp 

Huot hare diplonyn fy ena wr ho is iat Se ca 
gata olds A rat hate lang pwned Eo he 
exe en tae Ha ‘tending. threo eevee tg mire 
ont,” Whare thing le noe prartienbe, the wires 


iE tro ayer Gf InsaUAT ape: 


6, Must pe supported om a Seen ee 
Incontact with anyiiing ottce chan Wal des 


4 
OA oparetlon between Wires of ab least two: ‘one-half tnehes must 
bo mintained 
77 seamen ear et cts inboltag eeu, teal loc sing 
Py a hixb-voltage rt 
Hern falahie Teta beings ean ra 


ol conditions, beeauas the tate af sina 
SUT Gag mates hu mbaoluge requirement mnvsablee 

















CHARS, — HRCRLTA SHOTS, 187 


6, The wiros used wii Lt 
ingtlatlon maaet Se ane 8 oe 
sn 

6) Lhe Whole Installation suse Lost free f 


d. The two installations 1 
each othe 








Pra e 
taoles, oto) o€ not lowe than the Ealloyinggy enn rs nnensnteuaPe 





Upto Ee eater oer — 
oe 
PLSD Bg os 
ty devices In place in the ahora “ 
one ball oC RB Ahora wank ba tateltnd ees Seen Art A eal 









Saturnted rolution of zing chloride... - 
Alcobol se ee 
Glycerine * 











CLASS F.— MAMANE Wom. 
Gh. Generators— 
a Mant bo located in a drs 


1B. Mune nave the frame iautntd. from thele Wed-plates. 
fe) Myst nal bo provided with a waterproot 


caver. 
%, Must ench be provided with w nameplate, giving the maker'd-onay 
sie dgneity In volluge ah Aer iid Dorma appea i revaladione pet 
wninuto== 





69. Wires — 


&, Must have an approved insulating covering, 

‘Tne Imalation fol all conductors, exsept foe pOREADIOS. to bo approved, 
must be at least one-eghtheineh In thickness and ae with @ sabetan 
Vial Waterproof and tiumeproof braid. 
hot be affected by ing eliange tn feinper 1D agrees 
After two weeks’ submersion In galt water at seventy degrees Fahrunbelt it 
imum show an insulation eesietance of one sbeyon pat Toile witoe Three 
Ininutes" eectrificathon, eth G50 volta, 

ate no ning wire arg, tam No, 12 H&S. Aeiws to be 
inaler nate Fa as evi iobsuste se 
Staller tint 0, 14 Dy & 8. A 

Miranded wires mani be scered ofore Veg fartaned nptet clara oF 
binding sorown, ald whew they have a conduntirity greater than No, 10 
H&S. copper Wire they must be xoldered into lays. 

, Miat bo supported in approved. molting, oxtapt at owltehboarde and 

ables. 
Pefpeetal permission may be givers for deviation from, this raha bm Spon 


root, 
a LJ boshed hard-rubber tut jo vee Wye 
caloxtitwhon prostog through boats on8 nok-wexer Ny ENN 























CLASS F,— MARINE WORK, 


Whom grentor sina 
‘ies we maa 
Eeaiieeee 
33, switenbowrds— 

4, Must be made of non-combustible, non-absorbtive {tinting mateetil, 
such we marblour slate. i 
> Must ee tree from molkture/and init De located wo ae to bo: 

sncceasible fron all iden 
Must have main awlteh, main entout, snd ammeter for aa oe 


iatareietate 
Hf, hase vv ano ae 
peel 
34. Mesistance Boxes — 
ast ta mee cmt 
tated oe boiatane 
ned they ga ! 
lust be ao constructed ato allow satiolont xentltasion for the ues 

gt 
Th Swltehes — 5 


fh: Must bpueatenssoousy cee | 
wee eae oes ‘og Bee 
















‘nw itd to eat “i in and mat gy 


sod! sGhauts for mages the area 
Stat aa yes mp 
ae Win exposed 6>"daripho they Musk be incloned tna watertight 


ease. 
20, Cutoute— 


et nav nom ‘nonsubsorptive tnantatin | 
& Must opatnta sucoweafality oder the ine severe onions Bi 
atte to tbuee with ts pesatiog' om aoe let With Tate nity ber 











cont above, and with w voltage twentyite the ourrant 
voltae they are deslywed for, amd 3 hare 
Meigs be leibio with the namo Of #6 maker abd cron ‘ar 
‘which the taviog is designed, Instant 
6. Must be placed ab vary golnt wher s pica 2 
the wie (unless the cutout thet ine SA pact 
4. tn places auch 4 upper ce and 
weitortigheand Hraproot atone may tne “isan mnie 





Wien such cutout ‘sapplioe oireait wre, thas 650 Watts 
ore Anan placa ated exept on anetiol tt pmo, nw 





» apacon tof 
onto acebutin, ty sa bin’ m outlast tal with Arete 
fauteria 

Except fo ntors, Kexrah tights, wed diving-bar shall ba so Sod 
eee oer a reqatrlog ont of mare ihn ss mmpectst 
am dependent’ 3 

naicaote ‘cutout may’ he plased in themoling when same con- 

tatenpentceone supehying clrouliays ite rhe WOk MivtO Cian 220 Walls every. 

(97. Pixtuwes — 
a. Shall be mounted on blocks made from walleeancwed, Wumlver wen 


bes hares dap aaah ap woost hewarrennAad wy AYEV 









GENERAL SUGGESTIONS. 


In all electric work conductors, however well insulated, should: 
treated ay bare, to the end that under no conditions, existing oF 
exist, can « grounding or short cireult oceur, and, so that all 
gondiictor to conductor, oF between conductor and ground, may be 
to the minimum, 








if Out an installation, except for constant-current 
ald, if ble, be started from a center of distril 
the switches and cutouts, controlling and connected with the 
branches, be grouped together in.a safe and cally acceastble plas, 
they can’ bo Feufy gotat for attention or Tepalrs.. The load shod 
divided as evenly a8 possible among the branches, and all complicstelt 
Snnecensnry wirlog avoiged. "UO = sae 
sitle ie" most hoary indorged aod fecommended ; “and this moa 
Aegeaible concealed construction Is advisd for gon 
ehitects are urged, when drawing plans an 
viaion for the channeling and pocketing of bull ings for lace We 
Dower wires, and In spectications for electric gas lighting to require fed 
wire clreult, whether the building \s to be wited for electric lighting & 
40 that no part of the gas fixtures ot gaepiping be wlowes 
the gas-lghting olroutt, 














AND STRUCTURAL 
‘ERIALS. 


ON CONSTRUCTION. 
Chart. 
P, Roberts & Co.) 


‘oundation 
exting 
Mask” — (Source 
Pamps and injectors, valves 
‘and gauges 
water. . { [prentots 
Sediment { Blo off 
Bd dri 
team. 
valve tovheater 


Entrained water, 
Steam. separator 
jacing in building 


Fuel. . J Placing in boiler 
Removal of coke and ashes 
Removal of soot 
Air... Supply to surface 
‘Piptag and valves 
Coverings. 
Drains ad drips 
juppor 
‘Foundation 
Steam to cylinder 
Olt to cylinder 
Steam from eylinder 
‘Water from cylinder 
Oil to engi 
Of frome 
ine Indicator 
jeam to condenser 
‘Water to condenser 











veh. 
Paesken 
ene {ia (Espen 


Governing devices 
Measuring devices 
Safety devices 
‘Dynamos to switchboard 
Switchboards to line 
‘Track to dynamo 
Distribution devin 
mmamo governing devices 

Dynamo measuring devices 
wrd 4 Feeder to measuring devices 

Safety devices 

Cat-out and lightning arrester 
‘roof 


for cranes or other strains Ate tone: 
for eranos or other strains foreign to \ta tanec 
791 











Eriotton of 
Soft ete also vomman to 





ares ee under ber 

‘aalty 2 

cries mua be astvan and, aus of balow dhe wales Lerah gad ig ot 
. 

Hand oe par dat se ea te the uta 


‘Ths woods mote tt heniock tu soft oe med 
chee tt ed are or wntor vi nd 
Doct i inner not a a a ua rat When i to 
iternately Wa ma 

Tie should not, be Seana ain tera Sueey, 


more than Ie neh nt th she nerdy nnd. 
en aie seca ae na 
= BE 

Brovent apigeing or bromine i 


Bae Load on Pites. 


Rankine mi fe load on ee 1,000 Ix por aquare ineh of head, 

i dilven Ero groun 30 puny fie bt pesto 
Mujor Sanders, US. Engineers, giems the following rule for 

safe toad for a wooden cron Sh lease efor, suing 

yal dtamoes! 

‘Weight of horamer in pounds x tall in inches | 

ese inches driven by last blow 


‘Trvatwine’s rule is ae follows: 


ov; 
PRO Went yey Serer 


i sas safe load one-half the extreme loud Where drtvan im 
femolie, and one-abeth Senin in aatt cag mi hy kw blow 


Safe Jond in pound 








shuold be delivered on sold. ‘pat on the brooroil 
tes andar a ‘ohurwh, 
Piles under the: 


als me cr a imate, ako, we 
vtec gt ad el ‘cach, titer 


APIWUN HALO Nao RGA Vos SE 
ea load of $8 Los, 





‘of 

naced foundation. 
{Ste ora ho ‘hit the ae 
botwean the stouon 





the cfovieeé tied with epawls and cements 


‘-Beam Foundutions, 


5 
ne en, gee pe of 
isn fonplere, fama ete, 

Sane ironing abe relat 6s Bosh ras 

evil, exeavation is made of the right 

‘bearing, then T-boams of stortn| ioeateae aie) 

the tnt mul Hel i plage with tots trom ene ea 4 

corete is rammed Il the apaices to m level: 5 
Sor eallas Tae oe bouns is ee eee Thani 

fvoct on th etractara teedy to toaelys tus aalnmist 


coatue i han aot op. tha struct. 












Hime Mortar, 


one wre: “L mumustre quleklime, 3 measure of wand, 
wwalltaibed? or tempered wi ele water. bet 


eequired.—Troutwine. 20 cu, fl. mand and & 
‘bank 22} em. FE mortar, will Iny 14000 beleke with 








iia weighs abot iit f tk babel gn ane 
ofa i nits Lac iat ee 
ste 

Tenucity, —Ordinary good lime pars 6 months old has eohesivo 
strength of Frou 15 fo 30 Tbs, per square Ineh, 


Adhesion to common bricks or rabble, — At monthsold, 12 
to 28105, per nq, inch, 


Coment Mortar, 


roportions wre: A measure coment, 2 mesnuren wand, 0 
water! PRP Rona ie rch nt strong, sha Tor cntiry work will allow ine 
‘rons of sam tod ot moaattene 


TBD) coment, 2 Wola. wand, will 
or Tet, yard Fubble maronry, 





Penatee 
ans ene plot beteke with Foul fa 





Xisoriaut Roxondata, Eryn too. re 
Fengiteh Portland, |” , 


} ok buabel, 
. ww Pee 








IN POUNDS PER LENEAL FOOT. 


Widths from 1 in, to 12 in. 
{rom weighing 480 ihe, per cubie foot. For steel ald 2 per cent, 


WEIGHT OF FLAT ROLLED 1nON 


lceupiiaiagiaeesieoo 107 
<% 


» wera ore 






i ss TEISISTLEENE 
2 PaaSgeauseaseagugesagugas 
a 
Le 

ee | 











 Agauggenesousaagagszasaquasaguse 
2 Manguaeansseganegeananecnanasgg) 
ee | 
2 Mesuzasasaneseuananeanecaasaaty 

















4 pldnaangaassesuaaageganasgsse7g4 
i ATesaaaeagnanaasgaia ea suRessey 


eat coat eesedreee 











ass iaecanasens sven seenasoad| 








BH ee ee 








seganzeeseeses! 
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ota | HaaaTRESTRRI ENE TE 

























Bi 
ndvaley Avion | Sanaiaanteuasdesnanescaseeed casscecceecenie 
atti Whon | Snanda sadaseasuaassacasasecescececcesagsass 








es SE re titre eon Se re Sennen aE Loot 
sedpada Atiiem | [383983429558 859599899 298 S8SEa fs saggetages 


HUSH SG 09 0099 SERENITY sgeagsgeyaenan 












-Su0ry 100g On 


Jer oammbs 30 INTO. Sean asseasoosS 





roqroney re 
spouse 0 SOON FL Sarre re 












pee HEE HAE TE? Hauge daeag S8585: S583 EF 
Ss2d 290) SGgS) Seuss ease 0cHG Seis Ease © 
Seeg Hol0) HUGG GaHe Totes HESS TE 

file 18, Bhd s 
RERE2 ASZEE 





























snowy we 30 mon 
sat a st 








so Saup Jo xoquny| = 











te 
















1 =lonat rudius of uyration, ines, r= 
= Aion dapending uj he mntort : 
Pea stripe fi a at | 
"ie sal fh epanne, rae monly thon a: “y= | 
10,00; «= gay agane - 
New York ony ‘aw 1807-1608 gee the following values for ft 

Wg Smo, -- 
ih tt dod =e 
Garantie! 7 ie 


or solid cast-iron soluinns, / = SW, a= is. 





Forhollow eavicron cob, aed ends, y= 220, ¢ — Yeu and 
1805 
= dinmetor tu the same ninit, mitd. p= strength Ins por square ind, 
Sir Benjamin Baker gives, 


1 
For mild steel = 67.000 Y08. = saa 
For strong steol f= 114,000 Ibe, a= eae 


STRENGTH OF MATEREAES. 
‘The terms rfrese and strain ara generally wsed ey a be ss rt he ee 
differing nto which i ie, proper une. Akersimnat donee 
Cie eee 2 ‘i body, mud ye yo 
ofa body salad by the steare." ‘The wont strain ls otton 
mons With sfres, Waid om eer ee ae eae 
ton. — mane gives th o ct foes 
“eal roe ae a ents ‘eration oy 


dated aad on thevatuoved ot Soo stxeas ths oly 
form,’ For smn, stresses, then, materialy may 


‘last 
1. Cindoe smal atrossan the (forinations nre 7 rain 
to tho £07008 a etreases whieh prod woe: also appro 
orllogal eve apie the Be or toy 


‘ruiehon th anreat i aforaston te prt whe ig 
rely rents that ry si ee qs nt npn. back entirely to te 


tet ‘orm on ianenk pact ie Hertel 
Tn suoh ontos foro strat 
we, When the Seen en ate ‘rayhlly Increase, and 


‘the beat Hn 
we kun ton ore lore ofaous tan 8 atondy sre oF Shon 











MOMENT OF INURTIAD = 80 
RADIOS OF GYNATION, 
tabmenanl of blla, divided by the ueea se Massie | 


saturn ya 
‘Tho radius of gyration of a volld about an axis fe equal to the 








Fife ee Toortin - 
“Wiss of the Sond , | 
Sr . 
Hise tn she) Werealin’ Sex Mieeaeth atv ieeten 
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Moment of Lnortli: > 
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Moment of Kavetia of Compound Shapes 
(Poncoyd Iron Works.) 
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Atadius of Gyration of Compound Bhupes. 
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Whon ¢ is ematl, # may be taken as equal to ¢ withowt material error, 


ELEMENTS OF USUAL SECTIONS. 


Moments refer to horigontal axis through center of gravity. hia tublo te 
Intenl for convedtent application whete autrone cscumey fe tok Lago 
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Solid Castdron Columns, . 
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FOUNDATIONS AND STRUCTURAL MATERIALS. 
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ELEMENTS OF USUAL SECTIONS. = 809. 


Hollow Cylindrical Columms.— Grtinued. 
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\E STRENGTH. 
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APPROXIMATE GREATEST SAFE LOAD IN LBS. 813 
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‘The rules for rectangular and circular sections are correet, while those for 
the flanged sections ure approximate, and liinited In thelr application to the 
Ftunulard shapes aa given in the Pencoyd tables. 

‘The calculated safe ioade wil be approximately one-half of loads that 
would injure the elasticity of the materiale. 

‘The rule for seHetion apply to any oa below the elastic Init, or Tees 
than double the greatest safe load by the Fules. 
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| Thtews cules apply to beams aupportal at each end. For beams eupported 
otherwise, alter the coefficients of the table as described below, referring to 
the respective columns indicated by number. 





Changes of Coefficients for Spectal Forms of Beams. 
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TRENTON ROLLED ATREL BEAMS. 
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BEAMS AND CHANNELS. 
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‘Tests of American Woods, 


cases a large number of tests were made of each wood. Minimum 
mun results only are given. All of the test specimens had a sec- 
fen of 1.675 x 1.5% inches. The transverse test specimens were 
chies Detween supports, and the compressive test epecimens were 
hes long. Modulus of rupture calculated from formula R= 3 jo 
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For 4 beam sired at one end and uniformly toaded : 
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‘Table of Safe Loud for Moderately Seasoned White Pine 
Struts ow Pillars. 
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Brlak-Work. 
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ISCELEANEOUS ee eae | 
Weight of Round Bolt Copper Per Boot. 
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MISCELLANEOUS MATERIAL. 
CHARCOAL ROPE. 


Galvanized Iron Wire Rope. 
For Ships’ Rigging and Guys for Derricks. 
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ATEAM ROIEERS, 
Points to Remember in electing a Holler, 
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‘The Hore-Power of Steam Boiler. 
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Distance between Cader Side of Moller and Top of Grate, 
(For Horlzontal Tubular Kotler.) 
For anthmucita eon thig show be 2 inchas for the Larger aleos, nd 

be 20 Inches for the smaller pisos, each: ay Duckwhear, and res, 
ituiminoux coals non-eakling, the grate xiould ba about 30 Lneies Lelow the 
holler, tnd for fatty of gasdone soale fron) 30 to 4k Inches For AVErAES 
Titaminous coals thedistinee can be 36 Inchon. Anthracite and biturninons 
coals cannot be economically burned In the same furnace. 
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ling Pressure for Cylindrical Shells of 
= Stoum Boilers, (Barr) 


Batt Joints, Triple Riveted. Factor of Safety, 5. 
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Boller Head Stays, 





‘The United Ststae Regulations on bron are: No braves or stays hore 
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diameter of 24 Suchen at te bottom of the thread 
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Direct Braces.—The following table ts given by Mr. Wm. M. Bat 
in™ Boilers and Furiaces,” p.122. ‘The working strength assumes ai UP 
mate strength of 0000 Ibs. per square inch of section. 
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Diagonal Braces. 
calculated separately. 


Let 





(Boilers and Furnaces,” p. 129.) These must 
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ngth of line drawn a right angies from surface, to be 
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rking stress per square inch on stay in Ibs. 

ron required for direct stay In aquare inches. 

en of diagonal stay in square inches. 

llametor of diagonal stay in square inches, 








Then 





Vax BER, 
wae SL? 


8A x TEX SX L 
Axa 





Boller Settings. 
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power a 0 
Size ‘sna WP elbowey for Steam Boilers. 
(OW. W. Chriatic.) 
2 | Moight of Chimney. 
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Chimney Construction, 
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‘aro tho only cage to witob itis neveesazy. te epply she foraulas for 
ia ‘abil 
‘Pooholghtot the diferont ‘of uniform thickness varies grenty, ne- 
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ii Jennie ame ig aching yf eke 
* “Chimney Design and Theory.” mh iF uae D. Van Nowra Company. 
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‘Sixes Of Foundations for steel Chimnes. 
(Belooted from Ciroular of Philadelphia Angineoring Works.) 
HAULixen Crises, 
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Brick Lining for Steel Seeks, 
Allowing If inehax air space between stack and tining’ 


Belk x 4 2 in Ta witha morta 
Timing af inate one: 0 
Nite ‘of Deicke por foot Ii iamotar of atnck, and pdf foot of halght 


Allowing t tach air apace between stack and Hning : 
4.x Dinohor, laid without mortar; 
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(* Steam,” 


‘Table of Combustibies. 
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Kind of Combustible. 
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‘Temperature of Fire. 


ference to the table of combustibles, it will be seen that the tomper- 
Uthe fire is nearly the same for all kinds of combustibles, under sim- 
ditions. If the temperature js known, the conditions of combustion 

Inferred. ‘The following table, from M. Pouillet, will enable the 
abure to be judged by the appearance of the fire: 

















»pearanee. ‘Temp. F. ‘Temp. F. 
gro 2010 

mare 1330 2190 
erry, duil 1470 2370 
tall: 1650 2550 
“clear 1830 21390 








determine Temperature 





of Motuls, ete. 





ance. |Tem.F] Metal. | Tem. F Metal. |Tem. F. 





+ | 92° | Bismuth . | 518°} Stiver, pure. . | 1890° 
ceti : | 120 | Lead. . > | 630 | Gold,coin : > | 2156 
hite: | 154 | Zine. 793 | Iron, cast, mea: | 2010 
‘i 29 | Antimony 810 | Steel... | 2550 
455 | Brass.” 2 | 1600 | Wrougtit iron : | 2010 
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Value in Tons Coal. 
Weight 
per Cord. 





[Anthracite |Bitaminous 





*— Shell bark. 
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American Coal 














Theoretical Value. 
Coal. Per 0 | CoC rg 
25h. [aspen | Pega 
State. Kind of Coal. In Heat 
Panyu antes | ge | eae 
: o | ke 
datas gis A | Ge 
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‘Tho weight of solid coal varies from 80 Ibs. to 100 Ibs. per cubic foot. 


‘The Heating Value of Coals. 


(on pago 851 are elven tho regulte (Sibley, Journal of Engineering) of some 
experiments made at Cornell University with a coal calorimeter devised DY 
Prof. RC. Catpenter. Tt consists of two cylindrical chambers, in the inner 

fe of which the saniple of coal is burned In oxygen. ‘The heated gases pas! 
through  cofled copper tube about 10 feet long contained in the outer cham 
her. ‘The coll is surrounded by water which expands, the expansion being 
metsured in a finely graduated alate tube, thus giving the heat unite in the 
coal. The calorimeter is calibrated by burning In it pure carbon. Follow 
ing are the tables : 
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Composition of Gases, 
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Weight of Water af Temperatures Above 212° ®. 
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Paritication of Feed-Water by Bolling. 
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Feed-Pumps. 
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INJECTORS, 
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The expenditure of steam ie about onefourteenth the volume of water 
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Bends produce a loss of head in the flow of water in pipes. 
giver the following formula for this Toss 

H=, © where H= loss: head in feet, f= coefficient of friction, =" 
Ineity of How in fect par second, g = 222. 
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{PS fns'in pressure in pounds per square incl, F'=cootheleat 


FE boing the same as before. 


From this formula has been calevlated the following table of values fer F, 
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1, Duration of teat oe... es. hours | 115 
Weight of dry coal consumed <2 2. Ibs, | sis | gat 
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RULES FOR CONDUCTING BOILER TESTS, 885 


XXII. Report of the Trial.—Tho data and results shonld be reported in 
tig tiaane? givel in cithor duo ofthe two folowing tables, oaleeing lines 
trhere the testa have not been made. as elaborately as provided for ih sueh 
Tables.” Additional linos may be-added for data relafing to the specie 
object of the test. Tho extra lines should be classified untler the headings 
provided in the tables, and. numbered, aa per preceding line, with aub let: 
fore, a, 8, ete, ‘The Short Form of eport, Table No, 2, ls recommended 
for coimmersial teste und aa a convenient form of abridging the longer form 
for publication when saving of space la desirable, 





‘Table No. 1. 
Data and Results of Evaporative Test. 


Arranged in accordance with the complete form advised by the Boller 
‘Tost Committee of the American Soclety of Mechanical Engineers. 


Madeby ©... 2. Of... 4 + 4s Dollerat . . + to 
@otermine Fee i # 
Principal conditions|governing the trial) |). 


Kind’ of fuel 2S ft 

Kind of furnace: 
State of the wi 

1. Dateof trial. 
2 Durationof trial ee hours 


Dimensions and Proportions. 


(A complete description of the boiler should be given on an annexed sheet.) 


. Grate surface... . width length . sq, ft. 
Water-heating surface wee vee aed Aer ‘e 
Superheating surface a evinsont Stas 
Ratio of water-heating surface to grate surface |. 
Ratio of minimum draft area to grate surface)... | 














Average Pressures. 


8, Steam pressure by gauge. 
5: Foree of draft between damper and'bolier | |! | 1 > | ins.of water 
10, Fores of draft Infumace tes. = wom 

11; Force of draft or Liaat in asb-pit 


Average Temperatures. 


 Ofexternal air 
Offireroom 22 Pit 
Ofsteam fesse eh & abe 
Of fee-water entering heater > - . ] 
Of feod-water entering economizer 

Of feod-water entering boiler. .- 
Of exeaping gages from boiler: | > 
. Of escaping gases from economizer 


Fuel. 








2%. Sizeand condition yoo 
21, Weight of wood used inightingfire | 2 2 2) 221 
22, Weight of coalasfired*.. .. . . 0 cbs ttt 





* Including equivalent of wood used in lighting the fire, not including un- 
nara nal wlttdrantn Pom (atnace a tee Sretatning and at entof tes, One 
pound of rood is taken to be equal 00.4 pound of coal, or, in cane greater 
hecuracy ig desired, as having @ heat value equivalent to the evaporator 

Si pounds of water from and at 212° per pound (6 X 965.1 = 8194 B-T-U.)~ 
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PULLEYS. 
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BELTING. 
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960 SHAFTING, PULLEYS, BELTING, ETC. 


‘The drums and sheaves should be made as large as possible. ‘The mini 
‘mum size of drum is given in a colurnn in table. 

It is better to increase the load than the speed. 

‘Wire rope is manufactured either with a wire or a hemp center. The 
latter is more pliable than the former, and will wear better where there is 
short bending. ‘The weight of rope with wire center is about 10 per ceut 
more than with hemp center. 

Power Transmission und Standing Ropes (7 Wires to 
the Strand). 
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WEIGHTS AND MEASURES. z 
Meare of Capacity. 
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SBAFTING. PULLEYS, BELTING, E 


A.W. Mage Trars, ASME. vol ii 1581 gives the 





F—0921> 
0 








B.P.= 8 re (: 
Where 





110-848, 
f= oveicient of friction. 


Here-Poweref a Belt cnc Inch Wide. Arc of Coated 
‘omparicon of Different Formula. 








BERET EELS 

















‘Width of Belt fer a giv 


4 helt required for ang given horsepower may be 
f Spit seu, for any given, Mareecporer tay te eae 


Hrorme-Power. 








formula 2. 1 





Frou formula-3. 7 











From formula vt, w 
ax rym 

+ 5 ep SISH.P, _ S50H.P. _ 10H. PF. _ 

‘rom formula ),4 w= = oe 


* Forstouble belts. 


‘at pale 
eth, 





poe se “Wieasures— een ss 
Eautvatent Garrat AND ENGLISH MEASURES) on “ 














Sel crals i 





Equivalents of ( Weights— metrical ‘and English. 
Englisb Weights. 
|Crammee 





Oe.) Lhe. | Tone . 
si fom| tin] wah 











MISCELLANEOUS TABLES, 





ee 
once 
a 












(anevout 
(Ganeeom Aap 3 
. : * oP ree 21a: 
a PEDD DL DD sosvonnerseeg 
“sornevoye WNC svommvey WHEE 














seowour| 9K | ssserr | 


sah beens eadlnial menil wr 


and | “troqma | “suottD 
“ea “probe 





‘voinewoye WHEFO “ame 








(sauasvaKq Aug GNY aindrD) 
-asn3ug pue ye212321 — voanseomy 21qN9 Jo HUOTeATUbT 











MISCELLANEOUS TABLES, 965 
‘Metrical Measures Equivalent to English Measures. 
‘Meters. Tuehes. | , Feet. r 
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ANGULAR VELOCITY, 
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Taple of Comparison of Different Thermometers — Continued. 





Fan, | Réav, | Cont. | Fah, | Réau, | Cent. | Fab. | Réau. | Cent, 

































ne | 373 7” ma | 35 
15 | 388. @ 3 | 40 
ms | 364 8 a | 44 
us | 380 o a | “43 
ma | 55 6 2» 
m1 | 381 6 19 
no | 6 ot 18 
109 | A cs a 
108 | 33.7 a 16 
or | 33.3 a % 
108 | 28 0 4 
105 | a2 59 B 
toe | 320 38 2 
103 | (315 4 a 
12 | ait 38 10 
ror | 308 55 9 
10 | 30: 4 8 
99 | 20 7 
9g | 23 | 366 | oe é 
a | 28 | sei | 51 5 
se | a4 | 355 | oo 4 
95 | 380 | 350 | 49 3 
mo | 25 | wa | 48 2 
93 | a1 | ma | 47 1 
om | 26 | x3 | a6 0 
so | a2 | s27 | 45 a 
co | m7 | m2} 46 = 
s | m3 | so | 43 3 
ag | os | a |] ae 4 
sr | ma | 305 | at = 
86 | 20 | 300 | 40 =8 
% | 35 | ma | 9 at 
| m1 | a] 38 =3 
ss | m6 | 2s | sr 

2 | m2 | 77 | 36 

a | a7 | a2 | 3s 

so | 23 | 26 | 34 

7 | ms | m1 | 33 

7 | wa | 255 | 32 

1 | 0 | wo | 3 

me | 95 | ms | 30 

wm | 91 | a8 | 2 

m | we | a3 | 28 

wm | 12 | 2 Fa 

wm | m7 | m2] 

n | ws | ae | 2 

™ 

















4" Fab, | Fah, | Fan.| Fan.| Fun, | Fab. | Fan, 
0.00'| 0.38" | 0.36'| 0.54") 0.72" | 0.00" | 1.08" 98’ Vac se 
180 | 198 } 2.16 | 234 | 246 | 270 \s.a8 \ tam \taA RA 

4. ‘3.30 8% 
Bs 8A 
















MISCELLANEOUS TABLES. 


aber of Cent. = Number of Degrees 
(Continued) 











Teuths of a Degree—Centigrade Seale. 
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Cocfictents of Expansion —(Continued.) 





Coemictent of Expansion. 
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EAT. 
Specific Heat of Substances. 
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Mean Specific Heat of Water. 
(Regnault) 
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‘otal Heat of Steam. 
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Mis temperature of maxinum density 39.1°. 
French Calorie: is the quantity of heat that will raise the 
ture pf one kilogramme of pure Water 1°. at or near 4c, 
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FEC GRAVITY AND UNIT 
TEIGHTS. 


Jentigrade ; 62.495 pounds to the cubic foot 
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TABLE OF SPECIFIC GRAVITY. 
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Authorities It.-A.— Professor Koberts-Augten. 
HLisWell— Haswell's Engineer's Pocket Book. 
I’. C.— Pittaburg Reduetion Co.'s tests 
Kent —Kent’s Mechanical Engineer's Pockst Book. 











Rlehe— quoted by 
ALC! U0. Ansonia Brass anid Copper Co. 
of CM, — Association of Copper Maa ufacturers. 


SPECIFIC GRAVITY AT 62° FAMRENHFIT 
ALUMINUM AND ALUMENEM ALLOYS. 
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Weight. 

Using these specific gravities, assuming water at 62 degrees Fahrenbety 
ani at Stanaard Barometric Height, as 6.355 Tbe, per cuble foot (author, 
Kront and Be Rs Clark) 

Sheet of cart aiuminum, 12 inches square and 1 inch thick, weighs 13.0mIs 
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Par of cast aluminum, 1 inch square and 12 inches long, weil 

Bar of rolled aluminum, 1 inch square and ¥2 inches long, ¥ ra 
of aluminum, cast,'1 inch round and 12 Wwebes long, ¥e a 
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